UNCLASSIFIED 


AD NUMBER 
NEW LIMITATION CHANGE 
TO 


Approved for public release, distribution 
unlimited 


FROM 


Distribution: No foreign 


AUTHORITY 


USAPA ltr., 7 Oct 1971 


THIS PAGE IS UNCLASSIFIED 


UNCLASSIFIED 


4 
i? 


| oe DEFENSE DOCUMENTATION ¢ CENTER. 


: FoR | 
| -SCINTEIC AND: TECHNICAL FORMATION a 


4 ‘CAMERON svarion NOR: JIRGINIA. 


| | ssifcation canralied in accordance wi 2 Fo 
ate Order 10501 issued § November 1853... 


"Docume Service Center 


UNCLASSIFIED 


“ ROTIGE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING TBE 
~ NATIONAL DEFENGS GF TE : = 7 
GF THE ESPIONAGE. LAWS, TITLE 18, U.8.C., SECTIONS 793 and 704. 


* ANY MANNER 20 AN UNAUTHORIZED, PERSON 18 PROWSMEED 
rae jae ae = : Tae Lee PE at = oe) “: we ee ee ; oa ae es << 


a 


‘ keel 
Oe. sole bands 5% wb 


Mb Callin geen bS » 


Bees Oe: This ducument is the praperty of the Uniter’ States 
rie Pas _ Government. It is fuxnished for the duration of the contract dnd = 
ae ae : shall be, returned when no longer réguired, or upon ~ 

eet -recil by ASTIA to the following address: * . : 

Armed Services Techical information Agency, Arlington Hal Station,. .. 

. a \ Arlington 12, Virgints ie 2 . 


mA 

oa 
A 
ih 

a 

we 
5 
ied 
PA 
z 


eueta 


THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS EN 
Py LAW. 


Baga 


N= aN 


" 


ve bald 


tte condita Be 


ry 


MgB Calta ae thbe 


ation, - 
‘FECTING THE 
nti, MEANING 


198 and 794, 


etuRN 10> _ 
Ae pence CENTER 


ee ee emer neem 


] 
! 


ett Me ee, ee 
hice Dae ees a 


MOOTTICE e 
the yergwrty af the Leite? dere Som 
© mea! abel!) be ne. 
TIA 0 tha Rom 
Tectrocel Infuree 
reten 38.) OD c,. 


Litrory af Caress, Seay 


This document te 


ernest, 


tam Devising, 


CGE THN An ESN 
- BECURTRY INFORMATION’ «> 


Ge eee a a 2 AA ZANE tts te 


Be at ni HMR ole at80 tre mtr» 


guletion of Heat of Copbuytton 


ae 


~D —_ a i cr ee 
fae ree eee a8 


May 1...1992 


CO ace eer’ 4 " A a . es oe ey 
% ys “ ff Se Ds : Pee nae 
ae Tr % gf. as wee : o 
Ae i dtr NY os eT) ais 
zo. * * pe . oy 


"This deaewt pentetes information affecting the 
nistdengd *Bgfteizay of the United States within the - 
> Meaning of the Espionae | Act, U.S. Os 3h and 32.) 4 
Its transmisuion™:cr the revelation’ of ita con- : ae 
tents in any maaner to an ungutbo ded’ perso is | 
proba yates ‘Dy law." ow 


r 


eer Arthur Db. Little, Ine. 


os 


: 
eee of 


be ae amg RN ag ay 


ce = em Me 


“this Report... it is requested that it. ve returned toSthe Offic’ 7-Chief-at 
ton 255" De. O° | I is : 


H + 
ae Your comments, -oFithater and earls relative to ‘any ond all 
_ aspettt ts of the subject nt 

“direbted to ae: Contracting officer, Boston Ordnance District. ‘G 


ee Waa 


‘tar of this Report.aré invited, and should be... 


> 


Ordnance, Ammunition pe dasaatiarhd fers iaere Repenree: ‘and. Developont, Division, 


GONFIDENTIAL =. 5 
“SECURITY INFORMATION — nee ee 
| pepdRIMANT OF THE ARMY 
_Bogton Ordrince Distridt 
Pa -  - APRY 6a50 ; £0 
ae Sea a Haass a hesiy AE 
-suasgor: -Whindanchta}, Research op ‘iden ore ors ee : 
aS _~ “Prapared. by Arthur D, Little, Ince, under. Cont prack 
: DA- B9=02 SORTA fee oe ave 
ae ces yOrs QoS SSS = a con chan 
\ ; = 
= ty a Pa 
# \ és ¥ a ' # 
: ee ‘ 
a oe : % eecie 2 
sy, Fou 'are furnished Kerewith Part IV of *Fundanental Reisarch, - 
on High Explosives". Thisds. wig fourth ofa. series of yeports presared: amen 
“» . by Arthur D. Little; Inc. , undéka contract with the Ordnance Department 
A aio cdieiar research and development in oF field of milgtary Sap ROMAVESs: 
ee:  - 42, This Report ie furlished for’ your use. under the’ ‘imitations . ¢ 
ae dvpvicabis to its security classification. If you“do not desire! ‘te petain % 


a Le It: {, requested “that~ the oydginal of. the inclosed. yecdipt be 
signed ahd returned as indicated. The car bor copy | way be retained for your 
files. a : Sin - 2 Se , Pe 
2, : fs 7 Za? ‘ % ‘ t . : Mg 4 wii 
a one DIS ¢RICT Surges SAE te ee ne u | 
: 7 be 
as | a ¥ = 
: i ; y 
il sie Sees sl : 
EL alse Oe ae er ae wt . : i 
ne : ‘ id a Pat te “ms ” t 
1 mel: ee a” a ee a ee : 4 
Receipt - enn. 8 PS lee i : Be a Mey 4 
* > i act iY Se A = °% é, : ~ it +4 
4 ‘ : CON eae rit : 
Myo ae i 
‘Arthur Ds Lattio, Ing} . 4 
y a" “as 
i 


Ly 


Sea # : . * 
NR RCL TR NESS BORA RAE ERI GLY SMAI FS Ot 
7 a ; 

z 

FA 
G 

3 

“3. 

\ 


MOLE Ne OID uh a RNa oO pA RS rnc 


| 


nh 


COMM ISENTT AL AL : 
. SECURT TY TYCTNTORMATION. 


TABLE OF CONTENTS 


Mae 


var of Yransmittal 


£5. een meee Lae 
aS : * : We ae 


Hecommendatione sista aie Re ee Pg ee ree ee 


: 


“Section WI. calculation of Heats of Gonbustion of . 
es (Organic Compounds : 


he Abstract : ee ae be 


B, Introduction GP ogee 


ore {Discussion ; ; ee 
1, Comparison wath Other Methods wo? . 
o Congruenco of Observation: dd Caleulation | 
7 2 Reletionship among Funct7znal Groups 
t be Multiple Groups ona Single Carton Aton ; 


De ‘Conclusions : ra 
“Ye. tylea and prockynie for Calculating - 
Meat. of Con ibilstion with Kampiea 


sae nF, Tablas of nr ae sedeee 
1. Scope FF ae 
2y Method of- Obtaining Least haves Equations 


: 3 ‘rrangerent of Yeat of Contig sb 5 a 
a * ra ye 
| G. Historical - : a 
qt 1. Methods of .Surmation ote ‘onal OF 
ye: 2. Methods of Summation. using: a pss Value 
| plus Group Corrections 
3. Methods Based on Linear Equations 
hh. Netnoug Based on Grovl; Substitutions 
He References ne ao 
pi BS = 


ae Glossary of Terns and. Synbple ~ a 


a 
" te 
a 


ame Hent, es {jenibustion Data De ee Se 4 ar 


i = = n > os 


466 . i 


oa 


ary 


i] 
t 
j 
| 
| 
| 
I 
I 
5 acl | 


GOMFIDENTS 4. 
SEV TNE SEMATION 
LURITY INFORMATION 


TERL® OF CONTENTS (cont‘d) 


Section ZVII, Calculation of Power (nT) of | vp ee es . re 
‘ ; ouireee, ee Compounde ond hibxtures ; 7 i 2875! a 


ai : Ae Abstract pa TO 2 oo ‘S = . Se ; $75 
; mA, iy 3 Be introduction : zs Cg ee et ee ey zeae we deed Sid 
: i oe ze ee os u 6g . : 

Wee i Ce Discussion I ee 8H 


apa rk 1. Organic Compounds we a ie . i. ees $90" i, 

: _ '2, Explosives Mixtures ; > Gy Vow 
ae Soe “3, Metallized Mixtures ~ ae ae wt 692 a 
: Sere at Yh. Correlation of Spharical Lead Block * } ee ° 
. aa Measurements aud. nRT~ eu 593 


‘Se Application to New Compounds and Mixtures: ra at. 56 
i - eee [>» Method of Calculation es 2° % 596 ue 
= : : “Ee Conclusions and Recomterda tions 7 * 2 fi ee al : $3 


oe . of re Referecss 2 iZ ee Eee ond 615 


; ‘ . F ae ee . 
dna seen een ame emanate ee i TS Wf, A Lene eee eee ERE ie, BRENETeS tem lee Sete pene a j-amapednee Ansan taiimabssin ihe tls Rear snhatec MEE iP cai whitened! 


ae: ae aa as ie ok my Og oe ay OE Pane 
* a +, : a ote . Brae ge So 
1 ie . ; ee \. nee a 4 
4S YY a ; ; — { 
-4 -~iayg oR eet, ee cane J; y ee 
: ‘ ° - = % yi od 2g 4 Je eis ett Ps ij 
= X s < ™ ay 
ee Caren bs fe La Seu 
a / ¥ ig? 
- x au 
v 
i j 
Me F = a _ 
ee - oe 
g. j 
<3 im * 
a : ~ 
é ) 
! 
i td : 
ms are Fr 
i, 
CONS THSRTIAL 
ny i Arthur D, Little, Ines 


ces ae nee, nat a eee eS a CNR, an Re eS ee A SN Oe ES ES TE GREE el ERR ote lp ON SOIR 


ietetems n° 


lag 
| 
1 


COMPIMNTIAL i 
SECURITY UAFORMATION 
he ree Wi —— - 


L1S%_OF TABLES © 7 ak or Pe oe 


“Table - ree a ee e. ee 
“Numbar Bey a em, 3 9 22. - Title : _ bu, tumber 
Te. of - s é —aeee s ERECTED 


- Section XVI 


cee eo NOY IGE ABB 
| 
: 
& 
a 
eo 
1 


58 Plosonotive Seriss, Contribution of. Funct Sona Groups 3 ah se oe a 
Soho - to Heat of Grmbustion, ; : : 72 2 


/ 


Roe - ogoc- : SSO NO ane ee e 
wm a. ee ee | Mdgete. op Ae no ee 09 
27 SALVE VERLAG OF “Sat Gi LoMRisticn VeACetE ee . center emma 70"? 9 2. SS 


60 Coefficients of ‘Equations for Heat of Combustion. ~  UBh 


~ 614138. Haat—of Combustion Date. ; . ssid ~~ SM8ss oT 


. 1399 ~“. List of Com:ounds ” i. a eM an «560 ane 


section XVIT 


w® A 


‘ ho. ani of Specific Heats, = for Proruct Gasas for wo os 
; Selectsd High Explosives, ; - 578 


Uhl Thermodynantc Date far Selected. Reactions, © ms Te of OS 


aoe 


pCorrenijonting ie ee “Sy 


“lab rear of Selected. beloaives Migtures. , 988 


US Provertiks of Selected Metallized Explosives Mixtures,” Sug. 
comciunds Showing Lerge Differences Hatwaen ao eee eee 
“Obs erved: Ballistic Mortar and maLentecee nRT Values. s90°. 


5 
ge 


ay ee correiati on. Ratwern Glicayated oR, and Spherical. -—. = 
+. Lead Biock Feasurensute, Bo ; =, 7 toe a 
. be Oy . 


148 Properties of Selected High wo Smt “$96 a 


- hy - Average C, Over Range from zoOK to tT Smee. ons a ie 


Oe (calories/nole/* Ke. gest 23 as ~ ¥ ° 604 : 
Pa “7 Saute “ : os : a grits 
i cae 
: = : i Fs dee a 
~ . ” CONVIUEE TIAL 
: ; Artine D. Little, Inc, : 
: _ 7 = . : os i - pe] X 


" > Bo et ROSS BEE hee: 


Ue Thermodyi Nard Date for Seleé ‘ied Metale and their Bae oye oS ~s *, 


ess Ho A hot 
ae : f 
13 peoere! nes of Selected Pure Organic Compounds, 585 nae 


Rep e Ree Rene 


ra 


pasos elves 


ih et ad 


rane. =» 


te ed ee en ee eee 


COMFIDERTIAL 


SECURITY INFORMATION 


' Statistical Distribution of levi ativn fromthe. Mean 


~~ Calenlation: Sheet’ “Ctevarse. Sidei, Torpex Ti 655 


“LIST OF FIGURES : 


title - ) anber 


Sects on ie 


iteducad Heat at Combustion fy!) a Oxygen Needed (x!) “Lavo. 


” Gomnarigot of Ballisti Mortar and Ce iculated” T for |, Bo tga ae 


Pure Exp] eeiys a? SS eee oe = s 583 


Comparison of Sallist ‘and Capeibares 4 inet 


> Como: rison of Ballistic. Mortar ona Calculated nkT for 


aay 


Explosive Metallic Mixwires . ; : . z 583 


Comparing Ballistic Moryer and nkT for Rap TaSIeS 3 . 
Substances.” ee 584 


Comparisen. of Ballistic Mortar and Calculated nk for 


cyclutols Anoayni?) : ; a $92.5. 


. 


Comparison of Calitulatad nkT, Ballistic Mortar 4nd” . 
Spherical Lead ee for ted pongle (TT/al) on 7 89 


Calculation Shest, RDX . a ; 596 
" Capuletion ‘Sheet Giants Sid@y, ‘ RDX So Le 899 
Caleuiation Sheet, Edagio? oes o 7 _ . $0 


Calculatiin Sheet (Reverse Side), Ednatod _ 608 


Galoulation Sheet, Torpex 3 Pie Bir ti eg Oa 


CORETUERT: cab 
- arthur De. Little, ‘Ine. 


_ Explosive Organic Mixtures Br ee SPR a Ena a ee ete 


(a es ra Glee ee ee SAD 


CGAFIDENTTAL 2s = 5 Shae 


“ 8 
| ae ars we AethurD tithe ds ne 
i 


- RESH MICH - : ENGINEERING - INVESTIGATION 


<i office of the “Chief! of ‘Ordnance es « a eee 7 
Teeas s- Pentagon Building PESTER i oa eR EE AN SI ORR Sree ogee RR ee 


Wp bbingtoss. 2 25, B.C." sin ee . ae ; : Bs ae sg - —.- 


ree i 


_ > We are transmitting ‘haresiib Part th, *Calculation-of Heat: of Cos 
H bustiion ‘of Organic Compotnds from Structural)! Pentures and Caleulatian of 
: .. Fower-of High'Explesivea”, continuing - ow flodasentel study of explogives - “OM: 
‘under the aubdsect contract. In ths earlier iparts of. this jreport we developed ° Hed 
eppreximate methods for predicting “pertormatt e.in certéin/explosive tests a wes 
_ frum the concepts of oxygen balence. and’ plod horic groups, and from heat-of 3.0 =e 
-* ., explosion. Thase approxinati ois ‘were - shown | be Smecud tor both,/ urs sible: j 
sivas end nixed ewplosives. ae Bs 7A ; ’ 


oa In, the firgt section of this report{s method. for. eghauts Pe ‘eae of ° 

“# — " gombustion of organic soxpounds, and hence Hats of axplosiva, tron structural \ 

fl feaiwes sione n2s<o20en developed. ine nethjrd is dased entirely, on observed ~*~ 

? heuts of, cosdugtion’ for both explusive aid alin-explosive organic, compounds. 
; dt it representa. 4 distines taprovéxent over thi: calculation methcl orasented in “ee 
j - Part IT, and posecdsses several fartures which make it more adaptable and suited 4 
ii acre our Purposes than otner mothods, Srcpoast fied tie tanner ae a 


Man eee ee es 


eeta 


mca aay! 


X a - The sucond section of this Yoport’ ‘demonstrates: ‘the apy Hiecation of a oa 

system for predicting the power of an explosive, relutive to TNT (or to any ; Fs 
other subatancs). A. copparis oa is made between the calculates POwar based oa 

osiculated heat of combustion, and t_s posar observed in the ‘oa listia Sortar ms = 

_ ~ for pure conjounds"and ror mixtures, both metallized and non~motaliizga. mis 

-- pethod of prediction results in an accuracy much abil over ths: use of the - 

"previous ‘egnzepta given in Parte I snd III. ie of oo | 


iniipumee Ere ewe 


a / 


i . Recomaendations are mada for experizentai woek ‘to. 5 epntirn and expand 
the conglusions reached by this treatises. 


we 


Respectfully subulttod or) 


i 


RSE DUNE sae moor 
rf a § 


aoe 
ae : 
ear fanmemiraheatearis 


N 

SE 
NG 
\ 
NN 


COPA GALS (YEE, AL... 
1 ard : 


Ae 


“l- st “ gonerp arian 


ip, 
* a 
; - i 
HT : ; : Hy ‘ 
: ". COWFIDENTEAT. “ < * i 
SHUURITY TNFORMATION © - - 
a . 
: SUMMARY <. 
& “this report, deverives @ haw asthod boa caloulating heats of. Coin pee a os 
busti fa4] of explosives ana noneatosies orgenié. coarounds ard a méthod Tee , Eee ge i 2 ‘ 
“for caloula hing ; gelative powers of explosive compe mids from heats of coi: aN tag eel ay 
“ a ae seh es te de wees Ske Sette t ene [Adee we latd anohin awtese ae = es s ; Ses so 
be ‘ «vo ed serene VIER Y BS HVE DAE Iv 2stew Bape ae ene TTS E LE VOST CCS MES 
». 7 heat of coabustion () and molar oxygan wn balance for a large nuiber of Wonol- 
: 7 , ogous ci of of ganic compoinndas: From the sidpe and intercept coeft ‘teients eo ae = 
dt ee ~of-the-sti eight Linss obtained froni “obsaried data a mothod haa been devieed a pane 
- q 5, oS fpr calculating ins heat-. of combust-4.oa at Gonstant pressure. (wat Luu) of : eri 
a u “. ah organic compound, consider dng only the structural features: ofthe nolecuie. cree 
. 4. ; n 
ie 5 Siaple rules and oxanples of. use fe aiplainsd,? The agreeasiit: yj tween galcue . i 
: ; ok 1 Sate rf ae 
: lated and, obsarved. nest or eadne * ye. geneially retter than ib, arthough wos y 
oe me : = ‘the vorigbttty is nore pronouncy, .Y ces wanders of honelageus aries whose | Pe ok oF P : 
i Pt a3 <b ae Aaa iy 
i =] eS dataraijpations ave “knoain with Yess assurance of accuracy. : ; x : 
; 5 : It is ‘hoy that the coefficients | of the equations can pe uged ag a 
a ee Biss ‘4 ‘weasure of the relative dentrabi lity of any functional group_ in. an © exploxiva. came ee im al 
. ee “ttt pee conpound. The cosfficients have heen oeentges to give 8 cuts ative — of es 
pte ta) 5 dey : J ‘2 ; i 
= 22004 the energy ¢ ontribution of ary functional group $ a molevul, | based on the” ~ ean ( 
‘ tg ares huduanauhon of the. See” = Wrde maniin thet tha natant e : iy se 
t peseas Stein Me ne ronan Beate es wise ca . a» 1S ER AO wee Late ie eee ee es: q S 
ca ~y =e _talitios of a functional type c. anti assessed for explosive usefulness: without . 
: ae a ss) Spécegedty of- prspe ering oxygen Salanssd compounds. ;. Instead, an spproxsina tiga tee a 
=- : = aoe - —_~ “5, 
foes can be made. from. a.anall number of organic substances. containing the functional, - 
i grom of inbareat,, but nek necessarily ‘any pripary plosophorie. group, thus : ; é 
; : eliminating the synthetic difficy vies and attandant Ginger wally ancounter ed. : 
| ; a # Le 
: oe CONFIDENTIAL; - fs 
“3: 7 ; ; j ve | ae 
{ -4G3-" arvhur D. Little, Ine. . oy 
ee 


GOMFIDER TIAL 
SECURIT? Tercaia TION 


ten 


- vith oxygen balanced molecules, After the potentielities of. tho group have: 

, ee detommined, it oan thes i? decided matin ¢ the effort te prepars balanced 
fe “plosives 4a wort hile. ‘ 
“ This systen ot seloulatinn is edupared with wathuds propored by others. 


t 


2 historical aeotion deeting with published heats gt ‘combustion: y completes the 


; presentat.< = of this subject mpttan, , . ; 
Meas i The sedative powar of an a eaplosive gimpound can be caloulated from tte : 
heat of. combustion dy an sterajion method rp loying the estimated towporature : 


andthe soles « é gas produced in the detonation, - ‘The regubting figure (= nT) . 


“compared J6-. ta -walus for TNL ds egast tothe power’ of the axping 


oa ce 


ured in the ballistic sorter or in the spherical Lead block on an sudvelent 


“weight basis. A comparison of asilbia with more “than 1 pee compounds and 


si more than 50 organs. mixtures is ‘in Aprsonait with this conclusian. Greater : - aa 
ancy is cpenieves if the. calculated "rather than observes ert of combustion 


= 2. Se ea Saat 


BS Geo Hew, 
“The deur with a livia number of ataljized aisarod while net i 


Wf 


ele: as elese agreement 2s the.. non-aotall ized syostaaces a0, sho thee the. 


: __uss ‘of nRT ti ‘Predict, power far this type of iztury, is dnttnttaly ‘supecton oy 


10) je use of the concepts of! oxygen balatice or heat of explosion ‘alone, as 
\Gadertnea in Part Tit of this report. - 


hae ; i he nf. pethod, combined «ith the: wethod sor, salons ing heat , of cons 
foci sc. : 


. it " pustdon cs can be ‘used to predict the expacted pater, ag-it might ‘be measured in” 


ee ee ea eo a et ane rr 
£ 
‘ 


ae the ballistic porter compared to a standard e} splosive, of atiy- orgaric coupound 
or: md nixture tute etructural Featyres are ical or. peetulatins . quantitstive 


arrangement of the my oe of. functional group: from r wiespoint | of _power 


CONVIDZNTTAT. 


rns re eléh- Arthur De Little, Inc. . 


‘ggumetopurtay he? 
: sarees mae 


ae 
Sener’ 


os this. aethed ‘for calculating power. 


¢ 
a \" Se. iden atts X 


~Puroxas. and ieee: 


azine 


ol65- 


“L, ,2,3etriazole and i 1,2 letriazede 


> 


aa. 


“, 


z 

z 

3 

i 

i 

& ‘ Thus, prior to synthesis,.it can be determiiied with ied depres of 
K 

be 

ia 

| 


_—s _triaaene, tetrazene, we other eee nitrogen shes Bit ie ae 


contribution iy. au exploaiwy: componrd “or mixture ean eso be obtained fron. use 


y . he | Dekernipation of the contribution to heat of: corbug tion and. 
~ exploeion ‘pas bean ‘recomended for tie nitroso grou ana fer: els ‘ite 
sa mmgionet types éf interest te the explosives: progran but ‘not: bah il in this 5 


. Fy 
oe = 
pan iy, 
AIL 
i 
. Sh 
a 
Sou . rs 
IPs Ge 2 
io. t 


> CONRDEN TIAL 


‘Arthur }. Ldtele, Inc. 


nT) 


Sache «Boy eanewemvainedlondetyee saw 


+ aps ceca eae ata he a 


ve 


a 


a aeeeniaetienncmee mamma: 


=o 


‘SONFLRENTIA, : 
Sess ry.. LINFO"A TION 


cee cae ae meee ner eae OORT Bere 


i For eehetat interest the contribution of the, ‘following’ <fowpe: 


should be eatinated: 
_ thtol 


“gulfide | - ag tea 


ae 


ay sulfonic acid — 
chloro” 
“todo 


3 peroxide 
y 


ff 
Peat 


j Whose observed powars-< 


“lve oxygen balancs ra 


3e teat of Seba los: should ve redeternined for 2slyd-trtnitroe 


P 


resorcinol (styphnic acid) and for @w,cc yoo-trifluore-3,5-aint trotoluene, 
5-Nitraminotetrazole should be “mezsured’ ‘for heat: at combustion. 
“Wone’ of "the epecitie! coupounda and mixtures of- negetive oxygen balance he - 


ad widely afferent. from ‘calculation ere recommended 


se 


Sus: 


5 2 


hilenind wed toe th rr 


:. tha geheral theory of. power ealé qulated by nk. 


: -aterest to a Projart engeayoring is Baas sabes oak vie viens aor vite eaplscs’ 


certain high energy compounds y aid for -retesting_ cortain substances" of post 


ney 


for- csdstecntinds ions Theid low theoretical Powers “make thea, basically oF no .. 


TSS aS 


Resnenanday tons ara nade far a progran of beating netaliized mixtures, Goatetning 
“high nitcogen conpionna, bie dae to have exceptional? ly ‘nigh power; for" testing 5 


which appear to disagres. with ; ” 


S 


, CONFIDENTIAL 


nrthor'D, Lit(le, Inv. 


= 


oa 


v 


“ copropirtan 

 SECUTTY INFORMA TION 
: < BROTLON KY 
“Galoulation of Yeates of combustion of 


Orgarde Co, 


A Abstrsot, 


Cr ot : 


A weshad of etidulating heate of combustion. ‘of organic ian ake 
_ from strustural features 1s degcribed. Thie method depends gh the straight 
"line reletionship between molar oxyger balance ana the molar heat: of ‘Come - 
oustion of a homologous series. - Intercept and slope values, have been deters 
» ined from pyblished data for thirty-sight structuriil features. On’ thd 
aa rags, an accuracy of lé.is found by comparison of obzerved with ‘calciilaied -- 
“héate éf combustion. “Thi fisefulness ofthe method: for high amp losives is 
illustrated and (certain nukes of procedure: kaye ices est Saba, | 


Ji va gear fat SP Me ae ete 


> Be. Introduction 


a 2 ‘ = 


es 2 oc In an earlier “Poport {70) = nthed..of & Bddi sive. groub- snes srgies was” 


proposed for calculating heats of combustion of “explosive coapounds. This - 
method was converted from the Spréingnll aad Roberts systen cf calculating™ 
heats of forwation (130). Caiculation pave good agreesiont. with observation 
in most caces tfor- organic compounds containing jprinery plosophoric grows . | 
(69) but 4. was later discovered that very poor “agreement was frequently .” 
bein obtained’ with non-expluaive organdie compounds whose cbserved values 

were undoubtedly correct. Th's poor agreement, as «oll ag the lack of values 
for certain, comman. structural features, led to @ reexamination of the probien 


“from & moré oxpirical and legs’ theoretical 1 viewpoint than igs. of Springs wee 


AG Roberts.” oa 


Cc. Discussion : ae aie 4 RS Cootweg 
‘le Comparigon wi: with oper Hetnods_ : By, SEE os 
> Holcomb et al destpihed-« -S relamen between oxygen balance ana hoat | 
or campustion on @ Welgnt nVel18 for nitroalkenes: (uh) and later for nitro- 
“ gleohols (Gla). tie have found that « similar relationship is applicable to 
8 great many; more. furictiona1 types.. The relationship is found to give a-better 
straight line, however, botween inolar cxyyed | balance and molar heat of com 
dustion,. than betveen: these perancters vn a weight basis. “Yndeed-@uch e weight 


“ palation does nét exist for molecules with the empirical formila C He Olefins 

and cyclic paraffins all have the aane oxygen  bidance on a weight Bast 3 (-342.2) 
* and the welaht heat of combustion becomes independent of thd parameter. It 
“was 4iscovered subsequently they Telationships between the molar heat of com- 


bustion and the nucber of cerbor} atoms in tlie solecule had been published by 


~ several invostigators (11, €5, 100, 103, 113, lbh, 16, and 143). Nene of thes, 


though, had been of could be applied to aay molecules conteining more than a 


wingle type of functicnal group, and they were ers lines in any aia 


series faly @ ahora. tive carbon atoms. 
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“figure | which can _ba obtained from the uoleculanPormils. slong, dadependent 
Sof electrania structure, Purthernors- ‘Nee. eSereotions to be “found for ‘func- 
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Relating the heat of soxbugtion to the nusber of cipbor atoms ts 


neither as effective nor as flexibls us rolating it to the molar oxygen 
' balance which is done here for the first tims. When one sonsidurs thet 


nwuaerous polyhamofunctional compsunds can have the sate number of carben 
atoms but different heats of cosibus tion , necessitating an aquatyon for each 
homologous series, 16 is tpparené that the task ic simplified wy use of 


. Oxygen balance which leads to a single equation for day homofwieticnal mee 
PegeTalage of the number of like Sunctional groups presonis ; ae 23 


= The patina af Kharasch (55) is as close as _any to the. evutin gagoribed : 
“ An thie report. Yet the difficulties in calculating the number of elpetrons - 
jin a molentle are definitely greater than in computing the oxygen baljince, a. Bien 


Low af mame 


tional types not given by Kharascl, are: ‘difficult: to assign'and assesa with 


any assurance of ageuresy -{1). Hip risthsdA cf derivation dees not ingelve ths 
| straight-line relationship which sits tie out ators as. ‘it dots An tile _ayeten - bs 
described below, — me : 82 eres : a os oa 


- 
The ‘syster’ veeeaeiteal here has. ons. atatinct , advantage over all: pre- 


. .Wiously used methods. The linearity of Q, for any horielogeus series with  / . ~ 
“Molar oxygen balancg allows & reasonable stimatinn of the eouragy of ‘any ;/ 
_ Peported heat of combustion. -Isoléted points which dc not fall on the best, 


line ov within a reasorabie: range of it arouge suspicion of inaccurate: detar-. 


mination-for 6ne reason ov auother. Tha truthfulness of this statemeat has-=7.-_.~ 
.de6a upheld and justified by ‘number of inatances in the pertinent field of 


eaplosive chealatry, ih which « daterminstion, discarded by ys ssrbeing 
incorrect, has been revised by tater determination’ or by other authora; 
‘bringing the observed heat of combustion in line with the calculated valuo. 


-An example’ of similer reasoning applied.to structure proof can be found: in 


the recent literature (72). Thus many of the’ data in the Tables 61 through © 
13d show the effects of some selection, and the points chosen for estimating 


_ the best’ line by “ye least: squares method have deen blazed,’ but. only for rae ae 
TORSO. ne 


Tha List of toasting groupstsed may bs senutdeke incomplete. 
Additions.. will te nado end raporved 4% a future time. . It may be that improved 
accuracy can be attained hy reworking the accumulated data in a different — 
fashion end employing punched card machine-methods for this reevaluspion, ... 
Such a possibility ‘is under ponsidarattons : : 


= _ Songruence of: Observats on and Calculation 


The agreanent hetwiea observation end calculation by ‘the peneitt 
system is generally within 13 or better, depeiding comsvhat.on the accuracy 
of the original data, Other factors-sffecting the agreszsut. and not taken 
into complete consideration in deriving the equitions, sre effect of ,positional 


-Apomerisn,. effect of neighbdering groups and brajiching. and effect of not taking 


! CONFIDENTIAL ~ 


Arthe D. Little, Ins.” 


onl CO meRN ie wal AAR |. 


sat! OC ET CR AE fo OES OO a LOD RNA SO nn ra: + ARES Qe BER ANEW can te el af 


en eae 


MRE itawn one oe 


A Waren 


i 
f 

i 
a. 
| 
fo 

t 

1. 

Px. 


yy 


fe 
| 
if 
vf 
i: 
i 
i 


<a CN et ee he oe 


Vateinemouth 


- 


i 


Nieto lanes fen eee 


CONPTUgx eas 

BRUNT TY 1m} UVOATTCS sO ye ol ; 

Auto ucceune minoy coyrestions netakgary te. convert. Steteved date toa ‘untfors 

bavis of temperature, in.vacuo meeouretonta, Wasiliun corrections, and the 

Lixe. It has not seased worthehlle to sake ali adjusteciis pussivle because 

‘the unkown accurety cf ths original data, with a fev exceptions, didnt. .- ; 
warrant ‘the effort. The data usad ror this ened andthe resulting equat ‘icns ace 


ars given. it Tabisd di-136. ie 


. There 1a aluost peereot agreesent ewe caleuiatsd heats of com 
bustion and Zoserved valueé for normal ! taraffins and certain other hydro-_ a 
carbons where the deta ary known with ghneiderable agcurucy (115). - These 

dats ave taken as the. bagia for the whéle system which follows. For other 
types: of functional groups the agreenent is luss good but vatiafactory exough 


= ea i A eh et 


ee dee Lehn d at as 
for the purpése intended. “A graphic tiiwtratian;, Fol some “OL “the reauits=is 


“given in ‘Mgure 79. The accuracy ant -yrecision of results apparantly depend ; 
only on the reliability gud accuracy of combustion data sctuallyineasured. 


The greatest devistion froa-the straight Lins relation is generally exhibited oe 


by the lowest womber, and this is particularly. true for the polar typeof... — 


ee and | iar saan aces ; oh 


le may’ ‘bs argusd. that the ees aiationd eeuige ‘daviaed and reported nere 
does not give sufficient accu-asy to the heat uf combustion. It geans to be_ 
adequate, however, for the purposs- intended, -4oes, approximation of properties 
i of new-or unknown compounds, particularly ‘ter prediction of pover. In the ihe 
* -gesond section of this Report 4t.ia show boi-Well such ealculited valuss "ser ve 
to relate power as computed by the ORT product, dizectly ‘to pover as measured 
in the balliatic mortar. Indeed, in“av-nunber:of instances the calculated heat 
of combustion leads.to better agreement than does obaerved heat of combustion. 
At any rate the roughness of prediction is not so great. but what satisfaction 


: ., can be expected waan used in the “field of pee and higit pape reee: 


Es Relationship among Functions] Groups 


This system. of est)xating heats of Sombushiea wan dévised enscificslly - 
for- use wlth high explosive materials, many cf. vijich contain greips not suscep- 
title to estimaticn by any otiier aimplo system. The system as presented at this 


time, nevertheless, can be uéed fdr any cozpound containing the functional groups 


given in Tadle 60; Conceivably there is no limit to the number or types of 
groups..or bonds which can. eventuwiily be included. the present mathod is not 
Olaized to ba indisputable, for thero exist ansnelieg and difficulties still to” 


ot Bae 


’ Se corrected, Thess may be accounted for if is juteractions could be complstely 


> settuatets i 


: Ona usa to which the equation cost ficients . can be put is éctguiiahing 
"the relativi contributign of any functiongl grow to neat of combustion. The 
aane contribution will ‘be made to heat of wxplosion if the point of compardsar: 
is chosen to be zero oxygen balance to carom dioxide and water, since “ah vhis 
point and at positive belance these tic heat: quantities are ideutitel. ‘Moreover, 
at the zero point the poser of pure explosive ‘eeupouds, a paraseter which is of - 
' vital interest te, the present inv estigation, is ‘at the maximum. © 
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“ explosive moivculs. Paraffin is taken as the sero potential. The couplets ” 
- series is givaa 1. Teble 58.- Whare possible or practical the values-tiava 
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_Functional Type : 


‘(Realipnatic residue or hydrogen) 


4 te Niswate ~ : : 
* Subshituted nltvamide | 
__-, _ Secondary nitvamine | _-:. 
; Primary nitramine 
‘Mitrainide 
‘Nitramine 3 
_ Mitro- me 
_. Puimary nitrosamine. 
AZo compound 


> jwexy “compound ~ 
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“HA trosanine oO : 
" .. Hydraaine, sonesubstituted 
Tetrazole ; 
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{TABLE 38 (contta) 
cae SERIES 
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7 _. The functional group which makes ‘the best sinsepiore is the altro 
grou: CHO.) and this attached to oxygen, mite agers or Carbon appears highest 
on the list (93-129 keal/nole). | Nitrosamitie (- 3405 ts also high (56 kcal/rois}, ~ 
canada tent with 145 secondary pldsophoric naturd. -Nitrowo (-NO, 21 kcal/mole) 
appears considerebly lower in the scale than would be exsected. This my be - 
due £3 the lack of sufficient data to give a cosplately reliable canstant.; 
“sind dt ia, reflected in the unusually high slope for. this functional type 
> (sea Twbles 66-an¢ 134). Aromatic rings, wsubstituted emides, ond acids : 
‘appear, below paraffins (+11. to '-5” mols) and.are ndt desirable.fox contri~— 
buting.to -heat:ofexplnsion of combustion. -- Eaersy, is added to a, molecule by 
.ceplacing @ Single,bond with-« double bond (olefin, Vs Weal/mole) or witha. 
triple. -bond (acetylene, 37 k2al/mols). Comound< with-hydrazine, azo, and 
.  mzoxy groups (67-69. kcal/mole) are rich in ere gy snd, in sddition, are high 
act oi nitrogen ‘ACting és a source of extra gas {uas for power, all other factors 
peing constiint. The présence of such commoh groups-as ether, sicohol, anine, 
fluerine, substituted guanidine, and aster (14-18 kcal/mole) 16 helpful rather 
--than detrimaatal. Tetrazcle (h9 keal/mole) is not as good as might be «expected, 
“probably berauss of lose of energy. due te! resonance, although it can still bs 
...¥Classed ad 4 secondary plosophore.?:- The seme less: of-energy is eee ty ee Ba 
“which, witinut.resonaned, onght to have boen tha equivalent of three. olefinic’ . 
ponds (2 kcal vs -10 kcal). Puren (36 keal/mole) is not quite the aus of an 
-ather and two double. bonda (ub kcal/mole) perhaps for the sime réagon. Indsed, 
from much consideratious @ resonance energy valus can ba celculated. .For the °’”. 
“benzene Ting it would amount to 52. kcal/acia. and te .76 kesl/sole. for rnaphthalens, 
im reasonableSsgreement with Whelend's ‘assigned vaives of li-51 keal/aole ‘and 
iH 77-U6 kcal/mole. reapectively (151). ow 


A table eikilar to Table 58 dravn up on a  aeient basix suid be even 
-mors helpful in groip evaluation fron: an,explosive viewpoint, beaiss of the 
dependence on weight rather than molar. “values for measuring. suplosiva, properties. : 
«o>  --Such a table can be constructed from. = SS Se his Paice. Dike, 2nd. et) ashe bg pESe. ae 
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Tha contribution Brea by functional groups’ » “as piadiend by the pres: ant 


be akin to ‘the Pauling system of additive bond energies for. Beat of: formation, - 

‘and to the Arthur D. Little, Inc.; method for heat of combysticn (70).- prede~ 
““cesser of this one. Some. efforta in this direction have: Shown that; thiscan —... — 
-—be -dane.- Rio Soaver ton 45 oT -made-from the intercept and Sloe values. Sekt ae 
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hi, Nultipie Groupe on a Singh. Carbon Aton 


ee Attention is dran ta Zancther point of interest. 2 ot” 
_cortein, grouse or atom, sich as nitiovor halogen, can replace thé hydrogen 
atoms on a single carbon atom. It has been found. that compounds liar gi } 
such s multiplicity of functicn eake-an onergy contribution t) heat of us 
bustion greater tuan would be 'sxpssted frua almple addition ising. tie walies ©. 
for one function par carbon as dyscribed.by the system herein... Accordingly, . 
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‘epsesel equationg heye been daberadued for the gor trinitss fre(no,! is] AG 
_ gee teiflusro (RGF). groupings. The increase for the gen trt substitution 
over the dius of three single groups ia small (0.7% and 1% for trinitro and 
“trifluéro, respectively). It might be attributed to the lack of hydrogen © 
atoas for bonding-which normally consume some ‘sijergy, or to the energy | of. 
: strain froz inereased bond length caused by repiilsion = multiply’ many. = 
re = sheche caeenatye grcups on the sane carton ‘atom.’ se : ite oS 


: 7 Te difference between the valve. for gem dinitro. (Rab cuog) 3 and the 
sum of ‘two wononitrs -(R,CNO,) groups was so small tht it-could “dot be dster- 
mined whether it was a real difference or dua to errors in- experjudntal weas~ ee 
- urement. A separate, »alus for ry ‘dinitre-is not included, € erorore, in con ee. 
BS po &. - Vide the preliminary avaluation of the enhancenent!) effect a nulti- 
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s Sree the avidanse, given in this report it ‘ts oanbloded ‘thet ‘the method . 
” OF calculating neat- of cofbustion | from a straight line relationship with molar’ ~ 

"oxygen balance is valid and exceedingly useful. Jr vhe many hundreds of con 

-epounds considered the only,ones of intersst which are in disagrecsont - with 


= calculation greater than a are the a followings . mes s ca 
ae ey 
a : “# % difference ~ ce 
fee eeu Goes “fp Sa es froa calen, ‘ 
a ae “Zoaitetranttronethane es " eee. a oF 
ee wea a: —nea oe cc ,oc-trifluoro-3,5 Sidi nktrotolugne >) ae 
a Pee ae 2enitvoethanol. nitrate ; ~ ZO 7 x 
4 : Miewedelameteeete 0 ee te ee tthe 
0" ; — 7 peplesyidiethanalanine dinitrate ee > © ae : na 
“aye ss WS grlnaorescetoenttrale “ e160 7 Ai 
fee . oc ott Sa llylpentaerythritol trinitrate polymer =” -12. °° pa iP way, e 
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‘?etrani tropethane has recertly. been detertined with grast siccuracy by. thei. 
*“Netional Bureau of Standards (83). It must be assumed that this compound is e 
_uadque ‘and does not fit the general achexe of the calculation method, Trifluoro- 
-3,9-dinitrotoluene ia suffloicitely divergent to cast suspicion on. the identity 17 
aes ins compound measured and should be reevaluate de ¥ 
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ys 8 ee Trinitrerenercinal: -(atyphnte acid) 4# only. 38 dass than: Sik 
‘yo! “fated, and S-nitrasinotetrazole has never been measured, but current taterest 
eae sakes determination of both these desirabie. F 
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Tt thus becomes - _possible with this syates to evaluate ail sursen ~ ba 


functional groups for suitability in explosive compowids by using a limited . 
an : “numbey’ of noneesplosive, even poorly balanced, compounds without the naceseitiy 


eee Gi \jkud danger of preparing séli-balansed explosivés for actual testing. If. any 
* = IPanetional tyne is found desirable: then grester evAanAsises af afPa 
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other - fields of science. The cosfficients Of many of them ean-be approxi- 
mated from existing dita. A sora accurate estimate of nitroso (Hoy ciara 
be obtainsd, and the : "ollowing- anne bes conaidered:. ; ery ae 
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f) azine. tA ae 7 
&) hydrazone~ a ae Pa oe ; 
h) imide | 76(20)-N-C(~0}- i ae 
1) s-trdazine he og os : 
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x) hydroxylamine ~¥-0H © 
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E. Rules and Procedvie- for iculatin Heat, of- Combustion With® ith “Buamples 


“The present systes desorinad in this report ie based on: tae 
assumption, adequately upheid by experinentsl evidence, that the! wolar : 
beat of comdustion of any organic Homologous series bears. a. straight line - u 
_ relation, within an acceptable limit of error, to the number of atoms of 
Oxygen. lacking in the mojecile which are required to burn the compounds 
ae “" to 603, H30, Na, Hi, and SO,- A quick estimation ‘of this number, called ; 
; ‘the molar oxygen balpace, for the compounds ¢. HS N poant can be wade by - 


the equation: onggen balance “ a(net) + Gx ee eas peor? F gee Pe oe 


(th fees n eee ee Engar equations for -« large gente ‘FUNnstional types have Deen - 
ohtained by the method of least squares. The slope and intercept values a 
; ae for these cquations: related. to the paraffin 2quayion‘as a tusis are given Hees 
soso" dg fable 60. and the Haat of combustion dts -uséd for the estimation are ‘ 
: ; “given in Tables 61 through 138. At present b oaloulatfans are limited to 
ces "  “aempounds containing the groupinga given in Table 60. The data were taken 
fi fron many sources, and the only correction applied to the origins. data, re Nem ie 8 
-pastde fron correcting obvious errors, was.to convert the results | et: ntted 


- “to a bagi of. constant pressuré, where necessary. _ ie 3 
err oo opeePundamental aes 2" CO _iptece fo nM 
“Se The. heat: of combustion of 4 compound! 4a saute from tHe oxygen ~- 


balance of the compound on a molar brsis and the equation dirived fron the. 
, summation of the slope. wang intercept factore for each Stnyotural feature, : 
; *Sneluding paraffin. as one of the fegtyrss: da every cand. “thus CA “i + x Zi” 


“iets iu Match Al * _Anterceps, avefficieut for each functional type. 


“a3 s —_- 
& 


ki * Slope ‘coeffi sient for each fumtdonal type = 


z © atoms of external oxygen oqudred for combustion. 


ms ' ‘The system, ‘in effect, caleviates and applies the equation pet chs mS } 
ME Gees Rye —henologous serice which has the sane functional groups as the compot din ae i 
7 question. 2 ; j 
& ; 
ee s In Table 59 a few { example of tho war. of tie vanuabioe 4. lustrate oe 
be ---- the additdonal rules which havé been.followeg-in-the userivation of the - fe i “3 


coefficients given in Table 60. Examples. Fed & dllustrate. larger and more .. if 
‘complicated moreenles: which canbe hendled easily by the pias Systeme i 


aw * 


é pBule 2. ee : 

i Aw 77 2 . : 

per -  -Yhe values fo#-nerml pareffins (a = S,7-and & © 52.98) are always 

ee part: of the equstion, and it 1s consider ed that never more than one ‘of tata: 
ae feature ie ever preseny., h es 


e 
ara 
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attached te a cycjic structure the valuas for pranched"paraffin are add-d 


to be present. »Thus benzene and Soluene are not branched, but xylene, 
i-propyibensene, and hexametiyloleyclobexane | has One ieasched paraffin 
_ featura. Bee @asle 1, Table. S?). . 


Ruled : _ eee os = 


ees 
My 


fa 
| 


% " 
If more tivm one ‘functional group of the. same type is ered the, aby 
intercept tern: (atj ‘ds multiplied: ‘by | the number of. such. groups but the 1078 ia ; 


tern in the sare “as-for-a- ~pingis- ‘gaon “group. ~ “Th 
--Pule are the. normal paraffin and branched paraffin features. This rule is 
illustrated in example 1, Table 29s. wito six nitrate ee he ee sae : 


17 


Rule. 3 a 8 a aes a= eles 


ps When there -13 a choites between. ‘two possibile groups, ee valbce’ ‘fa 
athe | -groww- which _ ride asad later in the table. of ‘noeffictant... (Tt 26250) are _ 


panes see eoth an aldshyde and an anide, ony th anise Falues #fe teken in ordsr to™ 
uvoid.duplicating.-groups. Tnctagatall ids: valbe 1s about the sane 


“a 


taken.” In example 3, Table 59, although a formaice’ nb considered as 


Ifa chat: is ‘rained, oe thare is more , than one alkyl substitutent, 


to the equatiaiu, but never more than ons of these features is ever considéed 


ae as the sum of an aldehyde and ay amine, ish ie.the alternate choic® that ~~ 


dould be made in the example Siow. exceptions to “this rule of duplication | 
are the urea type of group (- -NAC(+0) =I j~) and the biuret type of group 


ras ee both of which ape coasidered to be dianides. " Inv addition the 


Seite th has an a erpup as one of the done onante: of the equation, .. Tk 


“eae ~-ds hoped ‘that such Questions of duplication, which arise only.with nitrogen_ 


|_| _ ‘containing compounds. can ba resolved_or avoided by use af bond contributions 


rather than group contributions. This may be Apna. at 2. dater. Stes 


(0 Ut ROIS se: ge GB ho Be es e 


: Where a choice of coefficients is possible, depending on physical _ 
“ state, the-ones taken are those.csorrezpdnding to. the physical state of the 
{compound under consideration. Seme excentions to this rule are made in 
,, Mable 60 when one set of coeffictunts 18 less reliable then the other, sucit 
“ea acid ‘anhydride (solid is prererred to liquid), ester,” coeplasape and 
“secondary anine for which liquid is preferred to solid. Benzene (sclid) and 
prigery amine (solid) are reserved fér hydrocarbons and cromtic amines, _ 
ee 7 _, fespactively. Derivation of cosfficiehts for the liquid and te phases 
“ have. been based on normsl paraffin (liquid) in all casos. afid-f.2 tos gas 
phase have been based of normal vere (Gas) in atl -2s¥3. 


Be eee ie ae sa): 
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Rule & .. : ; 
With salis-of organic bases and -inorginic acids, and with hydrates, 
an additional atep ie required. The heat of combustion of the component 
base is csloulated independently, by the. general acheake, than added to the = 
heat of combustion of the inorganic acid along with tho valus. for each salt . ~ 
link, to-give the heat-of comoustion of the salt. This is illustratcd in 
example 3, Table 59. Yor inorganic components, juch ae nitric acid, the 
. _. heat of combustion 1s computed from the heat of formation obtained frou 
“other ‘sources, “A sisilar proosdure is adapied for saits of organic actds and 
-  4morganic bases. For ergauie salts, with caérbdii-carbon bonds, the ordinary. 
pules fer calculation can be~ followed, es eam le 4h Table 59). 


- For certsin arcs containing grotps thers oust be ‘added t to. the Pee 
LaSnebieion given in Table 60 additionsi values for amine or hydrazing- Bs 

on when a carbon-nitrogen or nitrogen-nitroge: bond has been formed by sutsti- 

: : tution, Such is the case for amide, hydrazine, hydrazide, as0,; azoxy, 

guanidine, tetrazole, nitramine, nitranida, nitrosamina, and nitrosemide. 

Thuy a primary nitramine ig. considered..to have both a nitramine and 4 primary’ 

amine cantribution, and an N-substitutéd nitremide alse has-s-prissry enine 


> 


ee 


ys contribjation. fo caloulate’an organic azo comound. Wk. the, type Ar-NeN-Ar 
f two pri'sary. aetne contributions besidea the azo, ardzatic and paraffin ‘ 
: features must 6. included. As in examples 2 and 3, Txble 59, an N-substituted 


‘amids or guanidine should be consitiered to possesa milena aning featires, 
, in addition te the amide and apr contributions, . Gor ech tee eh ' 


x Rule. Bute, 8. ae 


, aie a 


z For sompounds which nave functional «roups’ not dowerdd. “dpackgieerty 
in TatiLe 60 approximations sometimes can We made by uzing values fora closely 
related group, ‘iid’ rule may be applied particularly to- ‘the physical atate 
“aspect. ,, Little error wili be\jatroduced in wast organic compounds “ai tie 
valuefor the liquid state 18 \wed ror Soiias, and vica vores. “(See fiuis 5). + 
Compounds containing other caer features. cannot be. estineted at: this: 

: time, tt AG. , ; : R 


+ entire rites 


A Sa 


ae re. Theda ta for homologous series of ccampoands iL. the same phe! cal - 
-_..., state were teed to estizate the best straight linc. In several instances 

j ran data; were available to give squations for-more than ona physical | 
if qospounds containing a given fiinctional group. The differerises * 
batugzin® thé equstions, Wien, weuld ve bas beat of fusion or heat a wes 
gatidn tor this homof motional types. The differences due to heat of fusion 
-for-organic darpotnds are sali, particularily’ for the less polar types. bus 
A it jie felt tiiat account. shouid bo taken .of thie factor where it is possible 
[ to ‘do So, reducing at least Che €o0rGe -oF vITOr.e However. the error of. using 
Mata dats for solid _gpmpounds. jis small. - ; ean ee . 


at 
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TABLE 53 a 
Tliustration of Heat of Casbusticn Galeéulation 
ee —————eEeEeEeE—EeEq{_ Ee 


@ ~ fat a ar 


1 Hemeustemne bewttrts | gen 
“ (183). - ee en ‘i ‘2 7 


Ce aiee See _ OO abo © 
ae Sage ieee ar ™ 
sata hs Aes a es i ee ee, - 


~ (obs) = 139632 dani/aste a a iii? TO 5: eres aug. 
HaaMOaa6) + 6 ox “12 CO, + 6 Had +3 No age oe Rap Na ge 


x= 12 2 So ay ee St SEO ‘ 5 
wee cme ee poe a ans ~~, IT ye - 


1 normel paraffin (14q) » ee SF: . +5203 (Rule 1): 
2 branohed paraffin (liq) » ©3907 - #009 (Rule 2)- 


ha 1. benzene (1iq) A oe lO _ #0007 (Rule 5). _ 
6 ONO, (8) 6x 12Bb~  . eee 770015 _ % On5% (Rule 3) | ~ 
i Bow 16863 + (12, 0) ($2.77) = 1395.7 keal/molo is. 
2, Dinethylformamtdg Wo{WO)M( CHa 5 a 


-& (ob ay not found ; 
howd 1 4g) + b.2e Oe Go + 3 
bd” Roa poe 245 “weer wy weg lf 


e = d ¢ : ce it os oY 


“ee 


a! * : 3 bt 
F (intercept) (slope) 


1 normal pareffin (liq) Ae. © EN ~  % ST 402.08 (Rule 1) i, 
_l amide (lia) ml ES Sieg _1.% O.47_. (Rule bj... 


7 i secondary auine (14q) - 7 18.3 - 0,12 (Rude 7) ee 
ee (calc) “= fh + (82. 43) (8.5) = hou.t kcal/mole : : 


Mats 
« 


‘ Diasaine nidins nitrate ra , I, NHC (NH )WHNH +Hit0, 

YF (obs) = "329. 8 keal/nole (59) ‘ i. 
et) a LS Oly + bigs 3 Ny es ee ee 
x* 5.5 (for Seateeewei cine) oh i "(Rule 6) 


. e : mae, 4x5 : a 7 ; 
Oe sata Tone aA A WS, WO EOP tes nec imanmn reverie: “a 0 le Ae RAND a I EW oa FURRY wT a ER IEW yaad 
| 
in 
| =. 
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| TABLE 59 (cont ‘d) 


ia ; “at bi 

(intercept) (slops) 
1 norm: paraffin (liq) 5.7 -52,08 (Rule 1) 
1 guanidins (s) > 0.7 # 0.L60 (Rule 7) 
2 hydrazine bonds (s) : 65,9 ~ 0.10 (Rule 7) 


e (cale) = 714k + (51.52) (565) » 1 354e8 enints for diaminogusntdi oe 


Qf (cada) © 3%¥e8 ~ 11,0 - 742 = 333-6 koal/mole for ditmiuogusnidine nitrate 


, Carbohydrazide hydrogen otalata NH NHC (00 )NHNHS* (C204), ~ 
x2 5,0 (for antire molecule) (Rule 5) ~ 
; e (obs) - 3Mn 6 koal/male Het. % 
EatahaOals) + 2.5 Og—89 ©, +h HO 4 2.Ny- Pa 
a’. bio: 
(intarcept) ". (glopey 
1 normal paraffin (149) + S.7 452.08 (Rule 1) 
2 hydrszide (8s) (2x 26.7) = | o5Tek ~- 0.09 (Rile 3,7) 
2 acid (3) (2 x -3,.8) = © 726 - 0,01 (Rule 3,5) 
1 salt ‘14.0 - (Rule 6) 
~ Bie WS + (51.98) (5) © s0l.0 keal/acks — - 3 vs 
Uitamtin & (Casntana) =e Cu. cH. os 
oe Nef 
ae . 
CH, C- CH CHC @CHCH=CH CH-C*SHCH,OH 
\\ 
SeCH, CH, : 
| a ae Na 
~ Caotlso0(s) + + 27 Oe? 20 a 15H ; 
: 7 a’ “ dD: 
x= Su =. ji A (intercept) (slopa) 

1 normal paraffin (asa) 5.7 "62,08 (Rule 1) 
1 branched pararfin . dig} Peat Oy | + 0.09 (Rules 2) 
_1 eyclohaxéne (liq): ~ 7h 0.00 (Qenoral) 
5 normal olefin (ii) 5 x (24.2) = ns *71.0 - 0.01 (Rule 3) 
1 primary alcohol (i4q) + 9.2 - 0.05 (Rule 5) 
& © 7h.A + (62.11) (Sh) © 2808.7 koad/mole : 
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TABLE 59 (cont'd) 


Nn RUNS Wee 


“6 Phernolnhthalein 


Sea nace 


Cagle (@) #2165 Os B20 90, + 7 HAG 
eae a ee eM 


a noresl. paraffin, (146)" 8.7 
1 brenched paraffin (liq) - 3.7. 
3 bensanes (14q) | “10.1 
2 aromtic hydroxyl (s) + 7.0 
i ester (liq) ne es _ te 
GE, = 15.0 + (52.53) (43) = 2230.8 ieal/mole 

-483- 
ae 


? dS ee = = {2 ad omn ane 
yt . aia ——4 aN VeTivexsc ape? 


(Rules 1) 
0.09 (Hule 2) 


(Ryle.a) 
42 (Rule 5) 


a 
petit pgp ees aes 
ee a 
i: 
Hi 
COAST Rewer T 
CORT STENT on a 
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07 (Rules 5 and 3) 
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“TABLE 60 


SOERPICTENTS OF EQIAFIONS FOR HEAT. OP Se 


@. 
c 


Normal paraffin 
Bocmal paraffin 


Punotignsi Type . 
(Reatiphatic chsin 

- or hydrogen 2 
Paraffin brenened (1iq) 


sey ee ptere ae. 


+ 
et " : 
5 eth tab matateetehiabalineeememeatentod 
i set : 
1 
1 
1h 


2 seer Gn. 


ei 


iS eee ae 


ro Qyelohesans (liq) = 


[Pretest 


a 
: 


TREN RAR 8 oes ea mtet Ire re teem of SONRHRNER ERE RO Ape a 
‘ 
’ 
‘ 


hb nares (lig) 


Olefin 
noree1 
* mort] 
Acetylene 4 
noraal (liq) 


ne 


i 
yo. J 


i 
een | 


to a 


= 507 
Cyelopropana (14iQ) 8 


BME... - 


sZa! + x2! 


(- i @ = 5.7) 0 © 52.08 
a* 505s db - $2.45 


aN hy 
i * / 
fae 2 
: RC*CR, 
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mt ok ee a es, Bee a hee ee 
EOS lets 2 sea elec Dy 


ane: eet a : : Ns 7 ; 
ui 7 =. : B ; F ; 
| Maphthaiens (solid) - 6.1 5 Ca ee eee ee ee 1 ; 
pS 8 oN ee ge eg 
Sas H = S oe Se RC " Se i 
i : 4, ‘: d 
2th \, on os Xo7 \y*: met “3 
= 4 BMeabol eg 
f primary (1iq) + 9o2, 00.05, RCH,On I 
; primary (gia) 016.3 o0. 2h a 
sesontary (1igq oS 3 Oghls (RyC) CHOW : oa. 
; tertiary (1iq) at $2 ov e6i9$ _..... --4850),008 Si =r Pag 
= = --tisst Gig). “61005 -0.63 
! mized (aolid) + 3.6 +1.27 : 
} Aromatic hydroxyl (solid) + 7.0 0.29: : 
Ft Sites (hig) *15.5 o0.0E RgCOCR.- _ ope eee 
Pn gees +28.1 0.088 pa é 
beat : a 
a4.  Oxtrane (ethylene oxids) - hie? = wheOS C— Ch + 
. (149) - : 7 Bs ! a7 . — j 
2 ” , 
Fura (14q) 435.5 -Li7 . re 3 
i eee a 
| : aan E 
H Aldehydes (149) +12.5 ~0. 07 RC(~O)H fi gt ol 
(gas) $20.9 0.68 © ‘ § 
Ketons (11q) + 505 -0.19 RC(*0)B: = 
[ - :. 
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Func tional Type - 


“Benzene (14q)° 


(gas) 
solid) 


Biphenyl (Liq) = - 


or Sesh meee tba |S a eis heey 


Bote gees 


wn nett ee ee trees pees eee eet epee wee ene ee 


TABLE 65 (coat '4) 


a all 


ops eee eS 


ing gi 


eNO, eer ey eee ee eT Wa 


ee Ee "Me os : See Sa Tete So, : F Mae Pads cn eh er, 
“si "CONFIDENTIAL 
2 "| ECERDRY INFORMATION - ; 
f ; ; TABLE 40 (cont'd) 
z : 
: a!- bt 
- Functional Tyne (intercap$) (slope) © 
‘acid (Lig) | oF +0.07 RCOOH 
“ (solia) - 3.8 -0.01 | : 
"ycld anbydride (1iq)° + 9.2 0.03 RG*0 
(solid). > 20k 4 -0.02 . 7 Be) . 
nde - Reo 0 
Ester (149) ~ 416.1 OU RGKMO)OR 
bom. at. teotkay® edge EMEA 2 GeOsGk eee eh eae eae 
s _Mtrile (14q) ee Oe 93. | SO0F ” RON 
ance (solid) +89 - 40.29 a 
‘Carbylamine (Teonitrile) — 026.4 40.57 °° RNC fe adn BS 
= Clie} Ba Sea re = Z 4 & Per aD “ eniss BaU EES wis et ele = 
Se e47 pel ae F af 
ae _Amins Rie ae at, Ceo oe 
ee iS primary (Via) ss ; ep thleT, “0. 81) Rg lRig - 7 = 
pare primary (gas) +18.05 -0.49% 
ie primary (sdlid) + 4.3 -0. 08 a 
apehoead paBecoliaary: (liq) _ #483, 0.22, °° | (RS) MH 


piataece Eee es _asecondary (so. td) ~~ -lee9® 01.828 


ee tertdary ya) 42005 40.08 

eee on - 6.5 +6257 

ae 7 Lie 60-408 = 
ae : cpaains (30244)? 432.5 #0,20 
; Hydrezide (solid)” ale 43002 -0.15 

ce ber he Aes (sontay? a35.4 tell 

— azory (soliaJh $32.5 +L. 
; Guunidine (solid)” * Sea? 0.16 
: _ tateazols (soyay® +Ud.7 +0.32 - 
i a 
é os Cae ae F 
| Oxime (solid). ; —tu5.3 0-02 
: Nitro AE Ss cea 
+ % aliphatic (11q)- © e3den 20.338 R3CN0, : a ou 
Hi = tis ¢ : 92,8 - + 20.65 eG oe 
; eeu * (149) : +9709 ~0. 39 
: aromatic (solid) *9E-2 -0.0 
3 z - = 
: 
; ; ne SOWFIDENTIAT, 
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‘ 


“Tn ae ene eR I BPE Tos BRE eH iy 


a) Based on normi paraffin (gas) value. 


i) For hydracarvons only. 
oc) Feom dibasic aotds. 


_ *Mitroso (solid) + 20.9 #21.93 
Salt formatian . 1 ee ae 
“Bydrats formation + Ss 2 
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TABLE 60 (cont'd} 
s a a! “ b? : 
Functional Type {interszent. (alone) as ae : 
‘Gea trintry (114) #292.5 0.29 BO(NO3) 
iwotta ) 2288,2 =O. 22 am 
Nitrate (liq) _ #12924 40.23 R,.CONO, ; 
(solid) #128.) 40.53 eS 

Nitramine (solta)”, © 95.3 +0.81 ii, 

Na tramidg (eoita)” +103.6 +0220 HUNO, a 
2 ceepereriee ere, Le ef ape eet ee, ee cee a 
- Fluorine sa (58) “#109 +0.61 RyCP 

noe (solid) © + 14.2 7.19 
eas = One trifluoro (liq) _ o 362725 0. bh “ROY, as aaa 
_ Witrosgutae “(setia)” + 58.0 43505 (740 ~ a 
Eee (Ug) i 
‘Pabophesa, faolid) * 21.5 j 
Abid) _ eer an 
; : very 


_( @) Based on small amount of data and not aS.yeliable as value for solid, 

' @) Based on limited amount of data and less ‘Feliable than value Zor liquid, i 
} Prom aromatic amines only. - 

g) Cf questionable acctirecy. 

a Por substituents on the nitrogen ateals) 
add primary amine Vaiues for Gite eWseti tusni Git nitrogen, 


Based on limited amount of deta. ; 
4-202 appropriate band-group wilted: 
ssconaary amine 


_ 
1 


‘values for two substituents oo the sane Ta grogen, © 
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3 An sttenpt has been made to cbtain fron. the literature, open and 
classified, all hests of combustion which hava bean. rublishad bateeen 1929, 
when the bibliography by Mharasch (55) appeared, and i951. Huch of the 
material found annaarae in Tables 4} throwh 130, the omigatona hel ng eo 
pounds which do not fall into any hoswzogous series reported there. With 
‘some exceptions, notably in the nitro and nitrate functions, heats of com . 
bustion before 1929 which have bean used are the ones as given by Kharaach 
(55), but ail of the haats repuctsd by Kharaach haves not been. usad or 
repreduced in ths present treatise. However, ali known heats of combustion 
_of organic coapoumde containing the nitre or the nitrose group attached to 


there is duplication of compounds. 


The primary source of the cpen literature data was Chenival Abstracts, 
for the years 1929-1951. In many cases the original publication aited by aoe 


Suter 


-—f 
GMisSSe acute: CVeew Me ves 2s Sees ue es 


Tot ae universal rule. Classified literaturs Govered, 4ncluded OSRD reports of 

“Division 8, SPIA/M3 reports, Picatinny Arsenal Technical Reports, various 
current reports of Kavy installations and contractor, aid origisal work dons 
foe Arthur 0D. tits Ine. by its subcontreetors. 


‘2. Method of Obti ining Least Sgquareaa Sqidtionn 


The oquation, e e+ br, was obtained for the paraffin hydro- 
carbons from the formule’: 


. 2 ee s 


ney i252, ¢ - 


as Zy > £x 


pene n ‘: Eaeed i — arr 


in which x = molar - _xygen veiince . 
..¥ s heat of. combustion at constant preasure -_.. not 
au = nuaber of 1 tems : “e 


The equations far tne rewa ining homologous sories werd obtained ny 


- the formulas .from what might be called "reduced data", i.@. the ve” wa 
of Pegren4 after subtracting 5.7 and the contribution of functional ~ 
‘mo ino the molecule other thau the one being processed. To obtain x’ and 


y.' for least equares computation the reduced value for and ths molar oxygen 
balance of the ¢ounvuna cere then each divided vy the naber of Likd functional 
groups which were being calculated. . Thus the equations wsre cbtsined literally: 
for functional groupa of a | single type regardless of the presence of other 
: groups inthe cospeunds. Thik appreest: sliowsd the use of @ larger body of 
- avaiisble dat). yan possidie if only vine date for rune, hosefanetional types - 
; had to be ua". oo : 
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_ carbon. oxygen or nitrogen have been included in. kale report even thaugh = 


om, Abstr... wes consulted far svalustion af the wuthoria. vork, Aut. thie wes —_.-. 
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. Be aman Carte -of Heat of Ccebustion Tate 


Tebles 61-138 contain tha data of interest to this suet They 
have been erranged in gensral order of increasing complesity of funstionm. 
type, aléhough the equaticns ware not ali determined in the oz veer in vaich 
they appear in the tables. The columis ara self-explanatory. The ADL. 


Somat fm Semt YF 2O abe fan iY end os mt am ed 
numbers ars thoes SPRAawe CS KWSSG 2 GS Wie report (i) and ef sxtosded 


in Table 139, Many of the campousda have bean renamed here to conform to 
accepted usage wHich avoids ambiguity. The numbers ordghnpety, ae 
in Part I (69), however, have not been changed. 


Each of the Table 41-138. ahows.thn eauation » for. ‘the humolegcus 
series represented ond the sumsation figures for iis dari tivation, All com . 


. .buetdan dete shewe 1) vane wed fee 4ta aalawloti«n. Tho. Atabiction, toto. -..-, nen 


below the equation were not used but have Seen on included f for comletensa, 
cr beceuse the dats are partinent to tha field of explosives. An occasional 
entry made below the eanation was Tound too gir te Anclude. +O faliline. - 


Tn lations, —= Lee 


“Tne neat of ivaations was Getarnined as an average toon ipadon | of ‘data 
for hydrates and the enhydrous compousd (Tate 134). The neat of eit forme 
ticn was obtained ag the difverence betwoan the haat of Zorpation {or con. ; 
hustdon) of the. sal’ and the ‘eum of the heats oF formation’(or cumbustiaa) | . 

of the basic and acidic sanpoljenta ofthe, salt, Aare 335), — wha eee ahaa aS, 


> 4: wat ae ta eae Ye ae oe 


2 er 


“= oat aad) oe eh, 


~489- arthur D. Little, ‘Ias. 


Ses terre ene: . 
5 “Eye 


_J L eaten NRO SRO Pl Rn eee cme ene Geen 


CONFIDENTIAL 
_ SROURITS Teroata T2038 
G. Historical 


 guch as number of carbon atoms in the molecule or paracher. 
aging obgerved deta but of limited applicability. 

Methods invsiving effects observed upon substitutiag <ns group for . 
mone -have bean widely used but ara axtremaly. _limited_ar. completely = 


stags iect of " thersochenical properties of now or an 


. ne d59) to heats of ccompustion. 


ails 
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thods of ectouiating i sats 


organic compounds have been wed for many, : years. 


four general typess. 


6 of formation and cf combustion 


Ca ot 


ava 


They can be divided into 


1. Mathods of aummation, using bond, resonance, and aro eneretods 
Tnese generally have a sound basis in theory and have been eil-developad 


for fairly wide application. 


The energy values are ‘Sotained from consider- 
ations of obseryad thernecshemioal data. 


2. Methoda of sssmation, using a bas® value to which are added corrections 


“for substituent functional grows. 
on obezs7zed data. 


These are generaily empirical and based 


-$- Hathods based on linear equations obtained fros relationships ‘between 


“feat wale and some intrinsic feature of a ssries oF homologoua compou.ds, 


‘empirical methéd+ 


Pees Te 
* gxothaee : 
‘unsuitéeble for aredd 
-structurcr. - - sabre 


These are - 


Sain ast DA etna oer |e 


L Msthods of sissution of Bond Bnergies 


+ The method which has probably-received the greatest popular eitéiticn, = 
“4g that based on the additivity of bond energies ss outlined by Pauliag (39) - 
for heats of formation, and expanded and extended by Wneland (20) and Klages 


Bichowaky and Rossini. (26) = 


‘The bond values given by Pauling (89) ware 
“_detercined from thermochemical considera ‘ions of sia ol ‘molecules as given 


o- Whelamd (20) in gxnlainings* the 5 -eneaey of resonance and comparing 


‘values for different rosonant 


ment 


SO ee le tated 


-45 aA 
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SUructures, converted Pauling's bond onergies? 


«- etettiete 
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joxeyve et er kv pierre ae 


‘Kuguy (S59) later improved the accuracy and eddéd to the values of wheland, 


enlarging the scope and applicability of thie ast: : 


_ Springall und Roberts (130) .cbtained a set of Lond, resonance, and 
group energiss for heets of formztion especially suitable for explosive con: 


pounds containing carbon, hydrogen, nitrogen, and oxygen. 


Fsuling's boiid 


energies- “were taken as a basis, and group energies were determined from known 


“heats of 


i faripetion for a great many explosive compounds. 


: In the present; continuing investightion it was felt thet heat of 
combustion was a more valuable and acces#zible function than hoat of formation. 
Part II of this report by Arthur D, Little, Inc., (70) presented bond and 


os «8 


gPowW snergivs for calcwating heats of 


combustion which were doternined for 


aie. 


the special ficld of aad along the lines of Spring211 and Roberts (130). 
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i 

i j Anderson, Beyer, and Watson (3) reported a systen of group ‘contya= 

| buticus for calculating heats of formatioa,; entropies, and heat, capacitdios — 

a of orgenis compounds. The devilopnent of. their system was basid ou Sheerstical 
H cubzidsration and “heats of atemizetion". _ : 


H All of these methods, except that of Arthur B, Littles. Ines, as 

3 described in Part II (70), produce results for ucapouhds ia tia gaseous state. 

{ aad sppropriats corrections must be assumed to convert thar to valies for the 

| standard atate.of the compounds of which the great majoxitx afo soldd or liguid. 
; 41} the preceding systems of Lond and group energies beuund exceedingly diffi- 
{cult to apply to comlsx groups and heterocyclic stiuctures. 


A good discussion of the early methods propossd for celeula2ing hate 
ini (22h) 


_of formation in the gacesous state from bond energies is given by Ross ° 
5},. 


- Majer contributions to these neticis, hesides thoss Gescriced anova (3 y OF 5 TI 
have basen made oy Auderseli anc. Tilbert (5), Costes and Suthon (25), and Cole — 
and Gilbert (26). Resonance dnergies of ring structures ware introduced into 
the oyaten of ‘bond energies by Wiblemi (26), and additions} values have bsen 

~ obtained. by-Millia_(2;..151)-and by workers at the Yaval Orfioance Tact Station. 


: Efforts te inprove the accurtey of eaiuulated néata of formation have. 
bean made by Laidisr (62, 63).“ha need = o-stom similat to Pauling's and 
wheland's but dagssd it on bond strengths and “hsats of atosizetio:." Laidler’s 

: ., Method suffers from bsing too complicated for use with polyfunctional compounds 
énd the accuracy ulained for fanotional types sther than hydsccerbons is mis- 

! leading, since values given are based on a Limited emomt cf unconfirmed dats 

: in the early literature. Others heve stienmpted to apply group cuitribution 

i Rethods to hest of formution taking inte accuunt melghboring effects (37, 57, 

i 27), These are ail rather theoretical treutasats, Plstt-{97) Tintting his 
calculations to paraffin hydrocarbons, and Souders (127) to hydrocarbon - + 
vapors. Pranklin (37), attempted to include many of the nite coanen functional 


eee ths 
| 


! groups but used very lisited deta-to obtsin his figures. iz suggestions 
; @ia.élsu vesy Giflicuit to apply to ccepiicatss configucticons. 


t : e 

oe Stern-and Kiebs (131, 132), fraa a study af heats of combustion of 
pyrroles, determined thermochemical characteristics for a large nircer of 
common functional groups attachea ta the hateracyclis nucleus, at As 
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Methods for calculating histo of formation from structural groups and 


“moleculay formulas, eaploying stantard equatiois, have bees suggested (19, 


22, 105, 105), and teats of combussios have besa calculated by similar muthods 
(20, 21), Al? of chase r-sults were Limited to gaseous hrdrocarbons,:' Another 
author (42) sdopted 3, the lowast even caluuleted value for bond energies 
published, es the unit of the chentcal bond amd caloulated heats of formation 
from energies of all other boris grouped as multiples of this unit. — 


26 Nothoda of Sumution using a Rasy Value plus firoup Corrections 7 


Bi Qne of the best and mat. ‘oughly described methods for calculating 
heats of combustion froa the struc ef an organic compound is that deseribed 
by Kharasch (55). Nharasch and cner (46) have giver the background ind basis 


for bis method of calculstior which depands on adding fhe numesr of. alestrons 


in a Bolecnia miliinited by tis combustion values of Gath electron, to tie: 
Cosrections far siructwal and functional features. Aerojet Corp. (1) has 
extended the systim to iirclude primary plosopharic types (69) of compowids. 

The method ts mon; s=piricsl ond less theoretical than thoso described previ- 
ously in this report, and in general gives good agresmeut with observed va.uss. . 
Tra payoicel state is liquid which involves fais. correcticas and assumptions 
10 compute valuss for most compounds, It is nut adapted tu tiwiwrucyclic com 
pounds, however, and dces not always work well with the more complicated func- 
tional groups. a Pe ae: ; ee ea 


2. Mstieds Baged on Linsar Ejuations 
Soins Gased on Linsar Ejuations 


The Kharasch theory of solar summation ims been convarted to e@ weight 


basis (52), Results are expressed in a unique series of graphs for # singie 


functional type, with neat of combustion plotted against nescent carton in the 
compounda, Heate of combustion and formation ere tabulated in the fora of 


: generat equations for the different classes of compounds, The method has not 


bees “used, however, with poly- snd heterofunctional molecules. 


Ome author (68) hes attested te sxiabiian a reiatianahin hetuaen 


. atomic numer, effestive nuclear charge, aid heat of combustion fo: compounds 
wontaining C, H, and O, and another (3) lias proposed s relstionship between 


heats of coxbustiun and camposition of organic compounds by use.of a single 


- simples formula; It is not easy to see ivw these syatens have general api” im- 


«ae Selues of the perackec and the heats of cosbustica or formtion — 
of organic compounds tive testi correlated by a eirtight line relationship (95). 


The values of tha slona and internent ses 44 Pferest for vericis hembicguus 
series snd classes of compcunda, but it 1s claimed they can bea daterminud easily 


of & nomologous series, Slane ant intersest wulues for mins heoslogous ssrics 
= 


is illustrated with saturated alcohols. 
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Hugerous articles bavs bean publdahed giving eapiricel xetbheods 
v for onloulating hoete of combusticn ‘from ‘observed data. Heat of combustion 
8 of auscassive semhers of Howclogous series nave been coteiued by Verkade 
and co-workers fos which was ceiculsted the hsat of combustion for the 
methylens (-CHy-) group. ‘hua the straight chsin dicarberr**> acids (U4) 
and their dinsthyl eaters (146), tke hecologous aormal primary alipha‘.0 
aicohols. (14i), and aonoaikyl-substituted walenis acids (145) hava been © 
studied. Ranwe und Dorks (12). dtd such the same thing for parefiia hydro- 
osrbons, Schjanberg (323) calculated tne energy of cleavage of the C-Ci 
link ino series of sliphatic monccarboxylic scida and thelr ertors, 
relating it to the change in position of the halogeu. ; 


ST cmt the SNR NR 


: Ressint and co-workers applied similar techniques, Relatin: ths | 
_ Pumber of aatbon atoms in a seriva of normal alipiatic primary alcoho.’ to. 
! their heats of combustien he found thet 2 stredeht ifne vould express the 
_ heat of cczbustion for : eleotols icager thus peatencl 11a), Tha equation. 
_, given ia 5 


: Q . oe + 157.00' ‘2 ; (gasecus atate) td te a 
vee ‘<— : Ld 42. 60 + + , 157,00 Q. (liquid btate) 


" 4n whSch n, the number of carbon atoms, must be greater than S. Similar 
: equstions cpplicable to the eflixation of heats of combustion of paraffin 


| hydrocarbons were calculated (193), giving 


Q&- 57.909 + 157.413 5 (gaseous state) 
= 572130 «155.263 0 (Liquid state) 


: dn which n, again, is the nomter’sf-carton atoms, and is greater than. 5. 
, An equation obtained for alkylbensenss (100) 1s:. ‘s ont 


Q, + -158.990 + 157.443 n (gaseous state) 
do which a is the number of carbon stoms, and is groster than 9. eye 


{ from the percent of hydrogen has been proposed retently (53a). 


Tanti@ (KEY sews straight ling equations for caloulating heats of 
compustion of eleven homolvrous series of compounds with commonly encountured 
functional grevos, Agreement with obserwation <as goud, but no attempt was 
mads to expand the syetem to poly- or hetero-fumciicna: compounds. For chicu- 
iatiog heats of formation he gave a treatment similar to ouguci’s Dasacnor. 


Helcomb and co-workers found a straight line relationship betveen 
oxygen balance and heat of combustion (on a weight basis) for mitroalxanues (iu) 


sud later for nitrosicohis (Tla*. bariier a ktraight line relotionenis vas 
reported tutween the weight haal of combustion’sand oxygen balance of eaplosives, 
in which different lines were found for differént types (23). The valua of 

substituting an arcmitic alkyl wlher for an erojeatic nydroxyt group in explesives 


wae also determined. 


Nk ON oy ah erie se senna oe 


EY Ebene eee ee 


i A straight line for approximating the heat of combustion of gazolines a 
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i, Motheds Based | on on Grow Subatitublons 


Oe of thi most comen metheds of rredistivg heats of formation 
and combustion is Dased on the effects obsarved uposi substituting cone group 
for ancther. Althpugh frequent publications have deen made comparing classes 
of com ouncs diffaring only in a single funct{oasl group, pradiction of hoat 
walues ds Timited us auch comariaone. and hor not vanaraliy heed extendas 
to orediction from additive “structural features, or to untarcun Compo UNS o 
Thus Swietoslawski (Svyantoslavskii) (135) obtained thermochewlce! character- 
dstice of meny groupings including -N#0, “ei -Nut.., and -N02. By a aimilar 


techniqhe thd effeot of a nitro group on heat of combustion has been found . 
fron a study of aromatic nitre derivatives (137) anc there has been calculated 
ths heats of cowoustion of cartuln grows such es <arbdcayl, hydroxyl, olefin, 
etc. (12), A series of furans and benzenss has bean camparcd (SbF) 4 study 
of furezan and furoxan compounds (39) showed a relation similar tc the azo 
and asoxy derivatives jiccording to TaMoult (67). The contribution of ths 
oxime group has been calculated (31) and energy changes in the formation — 

_ of chelate rings have been measured (17). Badoche has correlated the effects 
-on heat of combustion of introducing nitro groups iato the benzens ring (8); 


of introducing hydroxyl and methyl groups into the benzene ring (9), and of 
introdusing bydronyl group) inte the bensene ering (10) alimeac. containing 
nitro groups. “atigos investigeted thea dt ffercnce botween & nftross suusti- 
tuted on carbou an} on nitrogen (75) and applied the information gained from 
the é€fect of adding a methyl group to a nitrogen stom in cyclic ureas. ie 
deduce and eztedlis formulas of constitution (743, The effect of intr 

ducing successive nitro groups lato arucatic rings and the relationship “of 
the haat of fornation to the number of nitro groups present has becn studied 


(110). x . 
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i _. & fuietdorul erow 4s any gubstitr ant for = hydrogen of a sorml 


A_wonoftmeticns] compound is cis coftaining 3. single £ fumotionel 


A _polyfusstionsl, compound contains Bore | than o oe Sees Stone t aia 


ey ees 


i whicn may ve sasan Vs Uses es ww : ae 
ea OR ngmefunitioaal compound contains only cone fans tieiot ‘spe ani 
may be either mano. or puiyfustionsl. 7 ; 
A heterofunstional compound contains more than one functional type 
and is necescarily polst Functional). 


en balsnce is equal | to the etcms of external oxygen 


t Molar oxyg 
i required to ceaplate the combustion of a compound te carben dioxids, water, .-__._ -__. 
i and nitrogen (und to: vhydrohalite and sulfur dioxide when X and 5 are presex}). : 

| = heat of; combustion (gO Liquid), heat. evolved % of Purt IX 

H (Bef. 10)f ~Q¥ of Lares end Randall. . 
"| "superscript p---constant pressure os-in ef Hees 4 
j 
{ 
i 


wwerscript + <> constant volwes as in a 
% 7 over balance on a molar haaka 
ate x divided by number of home wstdens sroups .. 


it ae AD 

J Ss 

y's (oP. - §:7}-diwiled by nusbar 0: bomofunctional groups ==> 

a = intercept of a homologous serias; the walua.of y wnen x» Oo. 
For paraffins the anbercegh ts 5.70 


: - 
b = slope of w homologous series, or ns x . 


Yor norsal paraffing (14q) the slope is > 52. 03. 


at= (a - 5.7) for liquid and solid state, (a - 565) for gas 
_otate; the value of y' when xt = 9. 


| gas atete. 


I 
i 
1 
| 
{ 
{ 
oe bie (52.08 - >) for liquid and solid atates, (52.48 - 6} for 
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Tablo ee ae one Prge 
61 ; Normal Paruffins (liquid) .. : : 514° 
& Novmal Pararrins (gaa) 516 
63 Normal Paraffins Haat of Veporiaation at 25°C $17 
64 Branched Paraffius (liquid) uy 
b& _  Syclopropanes (liquid and solid) 8 

wy, a Sy civeumscs (liquid) : BL, «= ger. 

67 Noraal Alkylcyolopentanes (liguia) re, 5 8d 
&8 Normal Alkylcyolohsxenes (liaxid) . 519 
69 Cycloneptanes (liquid) . ; 519 
7G. '" “Othe Saturated dlicpcite Vydrocerbong 7 $49 
T°... Normal Olafine (Mauid) - Se: Bitte RRO SSS 
72 -" Normal Oiefins (gas) — 6200 
3 Branched Olefing (liquid) ” : ~ 821 

_- Th, olefins (liquid) Nic 2g ah cee aren aw, fee 

BS Normal Acatylenes (ligwtd) = ~~» > : ~ §22 

wis Normal Alkylbenseneas (liquid) ; 523 

adh 3 Normal Alkylbensenes Py - 523 

: 7 ’ Normel Aliylbenzees Heat of Vaporization - 52), 

79 Branched Alsylbenze:on (liquid and solid) Saat, He 52h 

- 1 80 . . Belybensenss-(selid)- - - -  §25 
5 81 Biphenyls (liguid) - _ ; i 525 
oe SS. os Eechthslenss Reolta) : ; é 528 
: » 83 Primary Alcohols eee 526 

" 6h Prinery Alcohols (gas) 527 

85 2 oe Alconcis (iiquid) ; To 5eT 

86 - . fertiary Alcohols (Liquid) _ S27 

|; 87 Mixed Polyalcohols (liquid) : 528 

“88 Mixed Polyaleshols (solid) _ 528 

, 89 Aromatic Hydroxyls (solid) b= tae 508. 

» 90 Ethers (liguid) : 529 
91 ; Aliphatic Ethers (gas) ~ met Bae o Ge 7 oF 
92 ‘Oxiranas (Ethylene Oxides) ) Asgate) S29 
93 _-Purans (liquid) 530 
oh Aldehydes (liquid) 530 
95 Aldehydes (gas) ; 530 
96 Ketones (liquid) _ oad 
9¢ , Adeids (liquid) - : © $31 
98 boids (solid) ~ ~ 7 ; $32 
$9 Acid Anhydrides piauta) : 533 

10 2 acid Achydrides (solia) - . 533 
101 ; Esters (liquid) : 53u 
1020 Esters (solid) : a - 534 
103 a. Nitriles aay ie - 535 
lol = Mtriles (colid) ; Hes - §35 

IM is Cerbelsminss ee eer oe ee eee Car. 
ove i SV BUS (AOU UEELUO (2s ys fle 

106 . Primary amines (liquid) os ; 536 
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~ Fable en bs . = ae Aa ae Bes tt ie a ° a 
107 peace Amines (can) ae .  §38 
108 . Primary Apines {soltd) , : . 536° 
109 "Secondary Amines (liquid) a do - . "837 
210 Secondary Amines (solid) 537 
1 Tertiary asines (liquid) es - + 637 
222. =: stettss: Teageset ee snp itee a See ae 
130, de (ala oe Foss (pe ar cere GIRS 7 
114 Hydraziwes \ouric, apie Oa A ea 539 ; 
115 Hydrazsdes told) = 539 ete h 
116  paom (woldGy TT : nee: 1 Stef 
_ 117 _-hzoxe (solid) EEE intake . PAN. ee A 
118  Guandéines (30144) : 2 su ; 
119 ‘. Tetrazoles (solid) Su2 
220. _ :~Oximes (solid) = <2 et ly _ . 
Tae "aliphatic Bitros (Riguid). ~~ Pk es G yg oP kal 
122 ”" aliphatic Htros (molid) ee . : ee Bly 
123 ~—« ‘aromatic Nitros (1iguid) : pears he ~ 2 GER mL i 


224 ‘Aromatic Nitros (colid) 548 
125 ~ £Uiphatio Gem tTrinitros (14guid) az oe Sub 
“26 biipnstic Can Trinttrss (solt¢} - wr aeGh8-— — ——---+ - 
pial (14quid) . wot, 8 She : 
128 . Nitrates (soit) ae ea o% 550 
129 Nitsamines (solid) = Sol : 
130 Witranidas (solid). ......- ae ae nae ee . _ 952 ; ' 


cai aemeastic ©’ Cola Fiwrd: (iiqid) ~ <. Teer GNS 553 <n tt 
"192 Fluores (eclid) —. 553 ne 
133 Gen trifluores (liquid) . : 554 i 


13h _Mitrosamines (svlid and Liquid) ... BS } 
135 Thiophenss (slid and Liquid) . BEAT ST BGS oe, oe 


136 Mitrosos (solid) 2 $95 ue 


‘137 Héat of Hycration ue Stee SOO thoy NAL Rd oe 
138 Galt Link - dee. 557 = 
| ~ |. 
| © fd 
eee | 
| +e 
i Seeks - i 
7 | 
feed ee Bee eee - : 4 
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MAN 5 t f 
FONMULA te : sT Bra pe | Boca p Via hth 
oT = 


yo 


Topene $5 


emer 


y = 5.67 > 5z.8dz 


7 
d 
: a J |, a 
: a 
Sen ensnn eine oaieomgag mibcans patency, ee pe 


Per rare S terres Sof praees =! eb. 


 SORAAL PARAYTI63 (gas) 


Of. KCAL/MOLE 


t 
} 


ON I a a lca fi i eal athe oe 


| 2. 5 | | of ane | She 
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chleriée (eq) 
Bensidine dinydre- 
Leh hee ta) 
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456.25 


19.18 
132,96 


106.96 


debett O89 


2.u + 16.0 
an - 9.2 
0.6 i) 
7 229 “el7Lk 
22.0 -223.2 
<2) 0.6 
ke 9105.3 
1S -140.9 
205 +. elbuo 
MS = db 
1.5 10.9 
6,0 0.0 
40-12 
LS -UO9 
45 =222.0 
05 116 
D8 + Beet 
0.0 23 
16.9 - - S61 
$5 - Wek 
ae rr | 
05 - 7.6 
309 -1f8.1 
“SG- 


Heat Waseves, Kcalfmole | vL 
Porwat ten 


Cantmetion 


aale Time 


; & veal/aole haf, 


97.9 
Prone 
260k 
“Ue 
195 
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1b 
- 33 
"97.4 
357.2 
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2120.2 
26.0 
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“0.4 
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“LIST OF COMPOUNDS 


1, Acetylene 
2. 1- (Amtnoguanyl)-b- (ni troguanyl)-1- tetrasiue 

: 3. dmmonium nitrate & : : 7 
: Lk. Nitrofom, anmonius salt , a SMa, 

: 5. Ficric «cic, smmonium salt aaa 
6. hh-Hydroxytetrabydropyrau-353,5; 5-tatranethagol protenterite : 
7. Uimwchjlagaurolic acid 

8. Sodium aside : - ces richest se 
G. 2~4zidoethbanol . 
10, ?2~Azidosthanol nitrates 
ii. 5<a ido-1-hydresy-LH-twotraccic”™ 
12. .3-Azido-1,2-propanndiol\ dinitrate. . 
13, 4,4'-Isopropylidenebis(2,6-dinitrophenol) ie: 
lk. h,u!-Sizfonylbis(2, S~dini trophanal eekte ce Ly, ots sla * 
1S. 1,3-Butenediol dinitrate : vs be 
16. Ethylonediamine dichiorate a Ge 
ae 17... 2-Clloroathanol nitrate = 
~ 16. 3-Hydroxypropionitrile nitrate 

« 19. Glycolonitrile nitrates — 

- 20, Cyanuric triseide : 
21. Tetranydro-3,S~dint tro-1, 3,5,dH-oxadiasiaw 

HMX : 


“23. RDg 

- 2h. Kexaigdroes ,4,5-trind trese-e-triazines : 
25. 2,4,6,8-Tetranitro-2 sli, 6, B-tatrazanonans-] ,9-A440l diacetate 
26. 2,4,6-Trinitro-2 lis6= etriarsheptenc-1,7-dial diacetate 

27. 5,5" ~(DL agnamine }di-1i -tetrazola 

28. 5,7-Dinitre 1,2,3 donssxadiesole 

29. Diazouiun saits” 

30. 1,9-Dicatboxy-2,4,6,8-tetranitropiecazine N2°-oxide 

31. Lenod Aga! si a(N'<chloroformanidines 

32... i, 2eDickisro-=3,$-diai trabenzene 

33. « Guanylur:s perchlorate 

3h. SNH" Bae (2, a cthysrony ep tomas: totranitrate 

35. iDiethanolnitremins dinitrs 

36. = Diethanolnt troyamine aia teats 

37. : Diethylens glycol dinitrats 

38...) N,t'-Dimethylethylenedinitranine 

39. ., 2-(Mathosymethyl)-2-nitro-1,3-propsnediol dinitraty 

LO, 1 2-Ethyl-2-nitro-1,3-propsnadiol dinitrate 

yl. . 2,2-Dimathyl-1,3-propanediol dinitrate 

42. 1 3-Dini tramino~2-propanol aitrate 


12 1. Ts ad po eet PA 


sre 2,6-Dini ViVelssaiio : i 
Uk. . 2,4-Dinitroanisole : 

hS.- a-Dini trobenzene ~ 

L&. 2,h-Dinttrobenzyl nitrate 

\t, 2,2-Dint $ro-1-butanol 

kd. 1-Chloro-2, k-dinitrobonsens 

49. 4,6-Dinitro-o-cresul 

SC. N,N'-Diethyl-8,N'-dinitrooxamids 


Cn ae” 
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COURIDENTIAL — | SARS 198 sannea on tee ce me 
Sow ae vweow Ww Bg 


Fae 1,4-Dinitre-2,$-piperasinedions 

52. 2,3-Dimethyl<2,3-dinitrouutans . -~ = 3 

53. 3 -6-Dinsthyl-1, l-dinitro-2,5-piperaninadions ae a ney 
Su. 3a ,6a-Dimethyl-1, 6-dinitrogiyoolurtl F shave? : 
55.- 5 ,5-Dimethyl-1, 3-dini trohydaatoin 

56, b,6-Dinttro-m-xylens-oc.e! -disl dinitrate 

57. 2 s5eDinitro~p-xylens—cg ~diol diaitrate 


SB. NL 7 ULM erred ME! dant toomecd de Paes oi CR. otee to Pea he 2Gane 


“89. 2,2-Dinethyl-1, 3-dini tropropane 

60.. 8M! Die thyl- “MN -dint brow] fast dy, 

41. W,M'-Dinethyl-s, Ni adinitrotartreride dinitrate — 
Of atataee is 3-cini trosh anzene 
hydroxyethy1),; af ‘wdini trooxamide atntgrate 
- = Tay BE CESS UDG i, ea on = 4 Das < es 
55 1a-DLia teonthans gO Nap io Se ts aa Se ee yee Ge SE SN 
66, 1 s3rDindtro-2-tatdazoldeoe : Ss eel erates |G eh eg. Sarre. aa eee Se GE 
&7, 2,5-Dindteoluran = iat : 
. 68, i ,6-Dini troglycolaril x 

65. Tetrahydro-S-hydroxy-l, Perret a -pyrimidone. nitrate 
. 2-Hathyi-1,2-dinturopropane 
71. 2,b-Dinitvorhensl : et ees 
re (2; 4-Dini trophenoxy )éthanol nitrate — rams eens how ee 

73. 0G3,5-Trinitrotoluens 


<a an one iN SNE INI HS fa it 88 8. 
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Th. 2-€3,5-Disi trophsny] )-2-nitre-1, 3-propanediol dinktrate 
75. 2, li-Dint tropt peruse : 

76, 1,1-Dinitropropene oe 

776 2, 2-Pani tre-l-nrepanol 


79. UN" -Dind trosobensamide - 
80. 2,k-Dinitrosoresorcinol ] 
Si. 2, s2ebial nrdtorymatieri}-2, Sedinttro-], bahavenadiol tetranténmats 
5 2 6-dinitro-1.7 7~heptanediol tetranitrate _ 
83, 1,10-Dinitio-lL,7, l0-tetrepiory2-1,1, 7,10-tetrasedecana 
84. 2, b-Dinitrotoluenn es oro Se pe 
6S. Diethsnoleeins trinitrate : : Snghiga® 7 eae besa” 
RA, 4, 6-Dint tre-m-aylens a oie : i 
C7. Oxydimethanol dinitrate 
2,b,6,8-Totranttro-2.4,6,0-tetrezanonane-1,9-diol dinitrate 
Dipentaerythritol hexanitrate 
90. &,M'-Dipicryi-1, 3-propanedinitraminge 
oe 3,7-Dinitro-1,3,5,7-tetrazabicyclof 3.3.1] nonane 
92. Dulcitol hexanitrate 
93.° Erythritol tetranitrate 
9u. Ethanolamins dinitrate : 
95. Etigqlensdiamine dinitrete : 
¥6. Ethvlensdinitraminw 
o7. 1, 2eBthanadic] dilectete dinitrate 
98. Ql, )2~Ebhansdiol dinitrate 
Oe 1, 2-Ztranadiol glycolate dinitrete © 
100. 1,2-Ethunediol lactate dinitrate 
201, 3,i-Bis(2-aitrcethy])-1,2,3,l-dloxediazetidine 
102. Ethvi nitrate 
103. Galactan trinitrate 
lob, 1,3€or 2,3)<dichloro-2(or 1)-propunol nitrate anes 
hile CONF IDZATZAL 
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ets Sse 


+ SUyp mal Soac 


Glycerol 1,2-dinitrate 


* Moncacetin 1, 3(or 2,3) dinitrate 


TABLE 139 (goat! 4) 


3-(2,4- dinitrophenoxy)-1, 2-propanediol dinitrate 


q, 3-Dipierin 2-nitrate > 


3-Chloroe-1i,2-propanediol dinitrate, 


1.-Monoglycolin trinitrate 


~ LeMonolactin trinitrate cs 
3-Mathoxy-1,é2-propanedicl dinitrate 


l-Monopicrin dinitrate 
Guanidine nitrate ; 
Guanidine perchlorate 
ae eiseee orice 


ee eat a a es AS ‘Lexanitrate eee. 


Hexanethylenatet tramine dinitrate 
Hexamethylenetetramine diperchlorate 
-promanie arte dese monoperchlorate 
2,2! su,',6,6' -Yexanitroazobenzene 
2,2!) bh u'.6 6.6. oHexanitrobiphanyl 
2,2! yhyli!,6,6'-Hexand trodiphenylamioe 
-2,2*,3,0',6,6/-Hexanitrodipnanyiamine ~~ 
H,N-Dipicrylethenclasdine nitrate 
2,2',4,L',6,6"-dexanitrodiphsnyl ether 
_ 253',b,4',6,6'-Hexanitrodiphenyl ether 
¥,W'-Dipicrylethylenedinitramins 


i gobi ploryiguaniaice 


i-Hethyl- -2,2',h, 4", 6,6! -hexani trodiphsnylamins 
2,2',h, i586, 6° -Hexanitrodiphenyl sulfide 
2,2',&u',6 »6'-Hexanitrodiphenyl sulfons. 


1. ;3- nt eryiures 
Hexanitroethsne 


2,2! by! 6 ,6'-Hexanitrohydrazobenzens 
2,2! sh,k', 6,6! -Hexani trooxanilide 


Hexanitrosobenzens 
hydrazine monochloraie 

i, N? Bi (azidoformami ds) 
Hydrazine dinitrate 
Hydra. las ‘monoperchlorate 
Hydrogen cyanide 

Inositol] hexanitrate 
Inulin trinitrate 

Iodyso and iedoxy compounds 
Lactose octasitrate 

Lead azide 


Maltose octeni trate 
Mannitol hexanitrate 
Melaming dinitrate 
Meccuric fulminate 
Rsthazonic acid 


Methylainiae ni berate 


Nitrofors, astsylemiue salt 


-séz- 
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“TABLE 139 (cont'a) : -— 


Methylamine monoperchlorate 
-- Matbyi-2,6-dinitre-2,4,6-triazaheptane 
i,k 1 ze thylenebia( i Wi trosohydroxylemine) 
{Het thylensdioxy )djaethanol dinitrate 
Kethanedicl dinitrate 
M-Methylethylensdinitramine < ; 
 ObeMetbylglucoside tetranitrate Me ee 
(2,253: Putanstriol trinitrate : Sate 
Fethyinitranins i B ; 
Kethy) nitrate 
Zstivl-Penltro-L,3-propanediok 4 dinitrate 
2,2,&.Tria( nydroxymathy] )-l-sethyl-1, 3,5 spantaneeeiad hexanitrate 
N-Ethylmethyleneditramins 
$~Hitrajlino-1,2,,1H-triazole So : 
Pentuaersthritol digiycolate tatranttrate ea SP POO er Se ae 
Nitroacctonitrile ... -- a Oe ay : 
peWitretensy] nitrate | ae os 
G2, k~Trinitrobenzeneazonethane 7 . - 
' S-Ni tro-n-toluansdiazonius 2-sulfonate - ; 
S,5-Dimethyi-l-nitrohydantoin 
2-N§Streethanol =. 
Nitroethylene polymer 
' @-Hitroetnanol Beet 
Nitroglycerin | 
Nitroguanidine 
Witroguanidine nitrate 
1-Nitrohydaatoin 
Hitrosstnans 
5-Methyl-1-nitrohydantoin 
N-Esthyl-N-nitroglycolemids nitrave 
2-Methyl-2-nitro-l-propanol nitrate 
2-Uitro-2-(meanitraphany!)-1,3-propansdiol diutireis 
1-Nitro-3-(nitroscam no) guanidise 
3-NL tro-2-cauzolidviss 
a, 0,n-Trinitrotoluene : 
1-(p-Nitropheuy))-1,2-ethanediol dinitrate - ia 
Ze-ititro-1-(o-nitroplienyljethanol nitrate 
Time thyluitrosamine 
2,3,5,6-" atranitroso-1- Houle srebensene 
Wi trosoguanidine 
‘Urea picrete 
G-ditro~lhetetrazels 
Nitroursa ; 
Nitrourea picrate 
N-Mathylethanolnitramine nitrate 
Dipicryl lead 


Cyelohexene ozonide erie 


; z, 2-Bis(metho:yaetnyl)-1 | acppopanedion dinitrate ; ; 
2- ~(Hydroxywe thyl)-2- (methoxyme thy!) - -1,3-propanedicl trinitrate . ; : 
Penvaerythrita: tetrenitrate 
2,3,0,.5,6-pentenitreanil ne 

1-3 yu-Dind tropheny])-2-(2,4,5- ite eects 
2,2',4,4',6-Fentanitrodiphenyl ether ; 


Ae ee 


i. 
8 
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225, 4-Quanyl- ~1=(ri trozoaxtnoguany])-1-tetrazene 


CONPIDSETIAL 
TABLE 139 (cont'd) 


2,2',k,k', a aa see al siZons 
Ethyl perchlorate . ‘ 
Acetyl peroxides — : 
n-Phenylenediemins diperchlorate. ; 
. mAvicclormesiding picrate - 22 thon <3 faeN ee, 
Prerie acid 

. Picryl chloride — 

Picryl fluorias 

1,2-Propanediol dinitrate 

Propyl nitra : 

. Pyridine parchlorats 

« Quebrachitol pentanitrate 


« Sucrose octanitrate 
Teemaceia. wguincne 


ee ee 


sent 
l 


226, Tatranethvis.sonium perchlorate. _ : ‘ 
227. «1,3.8,10-Tet.*aza-5,6,12,13- tetroxacyclotetradecane-2, ydtone : ae 
228, 2-Hydroxy-1, 1,3, 3~cyclohexaietetranethanol pentanitrate : ae 
229. 2,2,6,6-Tacre Kas hydroxymethyl cyclohexanone tetranitratée 

230. 2- Hydroxy-1 »1,3,3-cyelopentanetetrampthanol pentanitrate — 

231. 2,2,55 S-Tetrakia( hydro thyl)cyclopentanone tet-anitrate ~ pal ee 
232. Oe Bite aae cdr, 3-propansdind tr ss 
233. 2,3,4,6-Tetranitrosniline — 

23k. 2)3 338 6- Tetranitroanisclis _ 

235. °3,3',5,5'-Tetrandtre-g,p  ssponytoluens 

236. 1,2,3,5-Tetranitrobenzene 

237. 3,3! Oxydt- -1,2-propanediol tetranitrate 
~238. eset hi sts \tstranttrsdihsny? sthaw - 2. 

239. .1,1,2,2-Tetranitroethane 

2@h0, Tetranttromotnasc: . 

aki. 1,3,6,8-Tetranttronaphthalene 

2h2. 2,3,4,6-Tetranitrophenol 

243. N-Methyl-N,2,3,4,6-pentanttroaniling 

2uy. W,2,3,k, 6-pentani trouni line 

245. j-Nitro-1,2,4,5-tatranitrosobenzens 

246. 4,4'-Bis(N,N-dimathyl-2,6-dinitroaniline) , 

247. 2,354; 6-Yetranitrotaluens i 
— 2hé. Tetrakis(2- hydroxyethyl)amuonium pentenitrate -. 

“29. N,H*-Dipicryl-2,2-bis(H, 2 7h,6-tetranitroant) inosethyi)-1,3-propensdinitranine 
250. . 1-(Amiioguanyl)-- -guanyi-1- -tetrazena : 

251. 1H-Tetrazole an Ke 

252. S-Azido--lH-tetrazole : 

253. Tetryl 

25u. Triazenes 

255 hop phetstersis- 

256. 3,3,6,6,9, S-Hexansthyis 1,2,) s Ts Scheeoreeyniniete 

257. Hexahydirc— 1,3, S-trihydroxy-s-triaz ine trinitrate 

256. 1,2-Propanediritrendne 


259. 1,3-Propanediol dinitrate 

260. 1i,3~Pcopanediol dipershlorats 

261. 2+ "Butyl -2-( hydroxymethyl )-1, 3-propanediol trinitrate 

262,  2-(Cihloromethy] )-2-(hydroxcymethy])-1, 3-prcpanedicl trinitrate 
263. -(Hydroxynetnyl] )-2-nethyl-1,3-propanediol trinitrate 

264. 2-(Kydroxymsthyl)-2-nitro~-i,3-propanediol trinitrate 
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bs 


a 245, 2-Fthvl-2- ~(hy droxyeethy)-1,,3-prepraeds oi trdattra 


B oes. Trind trounstanitnd le - _ 


267. 
. F268. 

269. 
270. 
271. 
272. 
273, 
27h. 
275. 
276. 
277. 
278. 


re eae retin 


2,h, 6-Trinitro-z-anisidins 
2,1j,6~Trinitro-n-phenetidine 
3~amino-2,h,6-trinitropheno2 
Picramide 
2,4,6-Trinitroanigole 

i balvinktechsneata dehyde 
»2,4-Trinitrobenzene — 7 rr 
3,5-Trinitrobeizene : ~ 

ale 6-Trinitrobenzoic acid 
4,6-Trinitrobonzyl nitrate 
ike6= -Trinitro-m-cresel 
K,N-Dimethy1p: cranide 
U,W'~Diretinylt,t',2,4,6- ~pen tant tro-uephanylecadsandie 
2,?,%Trinitro-7, 8. -dini tr0s0-2-naphthol 

2, at. (2,h »6-1rdnitro-m-paenylene)diethanol dinitrate 
3-Ethyi-2, 2,3-trinitropentane 

wt, bi*-Trind tromele sine 
2,4,6-Trinitronesitylene 

2-Methyi-2, 3,3-trinitrobutane 

-ui. “Msthyi-h?; 2, 6=tetranitre-m-phenylenediamine 
N-Methy1-N,2,4,6-tetranitro-m-anisidius . 
N-Methy1-N,2, h 6-tetrani tro~a-prenetidine 
3- (Methylni tremino)-2 »4,6-trinitrophenol " S 
_-Methyl-N,2,4 »6-tetranitro-m-toluidine se dage item ca if Anse 


Ata ies 2.3 tr4 uitropentens - Bienes pve tier. ee 


2 
1 
1, 
2, 
e, 
2 


otro 


N-Mathylpicramide . ; 2 : ; 
1,3,6-Trinitronaphthelene ; fa, © eae 
2,4,6-Trinitrophenetole au 
e- (2, 4, 6-T:-ind trophenoxy jethann? iittes 
Pleryl azide 
N-Butyi-N, 2,4, 6-Tetranitroaniline -: 
3-(N,2,4,6-Tetranitroanilina)-1, 2-propanediol dinitrate 
2,4,6- -Trinditro-m-pnenylenedisnine - : 


SPlS eens 


- Ne-Ztuylei, 2, hi, Aintatrand troaniline 


2- ~Picrylethanol nitrate 


Picrylguenidins : . ae a 


Picrylhydrazine 
N-Metaoxy-N,2,h,6-totranttroaniline 
2=(N,2,4,6- ~Tetrani troauilino)-1-t ua. ci nitrate 
B,2,4;, 6-Tetranitroaniline 

2- (H,2,4, 6-Tetraiitroanilino)ethanol nitrate 


2- (Hydro-qmethyl}-2- (H,2,4,6- totranitroanuilino)~1,3-propanediol trinitrate 


Trinitrophlorogucinol 

Styphaic acid fai. ees 
2,2'=(2,4,6- -Trinitro-m-}: pee ete ony) stpeaeno. dinitrate 

: lr 6-Trinitrostilbens 

2,4,6-Trinitrotoluens 

9, ls Trinitrotoluene 

3,8 Triaasdo-2)h, 6+t ini trobverzene 

Wi Ro -Trimtnyl-n,W' 8", 2h, 6shexanitre-1, 3, 5-benzenstriamine 
Triethanolamine tstranitrate 
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P. P : TABLE 139 (cant! d) 
£- 318. 2,4,6-Trinitro-m-xylene - : 
§ 319. 1)2',1*Trie(methaylni tramios)tiriastiylucins 

& 320. Urea nitrate tho ; 

= 3¢i.s -y~Hislo~lbuten-3-yne polymer a pe amine 

Mie 322, Vinyl nitrate polymer : ; ; 

¥ ' -—323. wed -Diasido-p-xylane : e Se oy oe Sees Se 

32h. n~Propyl picrate : : 

§ 325. allyl plorete. : 

a - -326. terropyuyh picrates > pete tae se Cat fA ee, Ba aes 
Re, ee 3e7- Nitrofoms a 2 
i 328. Matiiylenedinitramine Dene os Ta 
ir 329, wetlsthyl-H#,2,3,h,5-pentanitroentline eo 
i 330. 2,2,2-Trinitreethanol ** = - 
i = +331.) 1, 3-Din(2,2,2~trind troethyl jurea : 
:. 0... 332. Ethyionadiamine dinitrofora salt ; a Re ok 
one wey 3333. N of DL oblorcetbylensdini trecise . 
mane eemZ3he (Fgl-Diniteopheny] hydrasine 


333. 1, 1-Dinitro-l~{1-ni troethylidens)ethylanins oxide 
- = +3366 ra eon rte tar 
Bis 


337- 2,2,2-trinitrosthyl )nitranioe : : 
336. 5~Amino-lH-tatrazole hydrate = a =- ~ eorec 7 
339. 5~Amino~lH-tetrazole nitrate ' 
Se $0. --2,2;2-Trind trosthanel b;h,l-trinktredutyvate. 0 - ee ee 
hive. viss===3l), “frie(2,2,2-trinitroethyl phosphate . - ~y Sei eae 


342. $-dsino~lH-tetrssole 
' ~ B43. 2,2,3,3-Tetranitrobutens 
fon ose = "Sah. BW Mathylensbis(N-nitroformanide) 
3h5. S-(2,2,2-Trinitroetiylesine)-18-tetrasals 
I -346. Methylenedinitrasins dihydrazinue salt 


io, 3h7. 2,L,6-7einitro-2,4,6-triazabeptane-1,7-diol dinitrate wy, 
348. oAsido-N-nitroformamidins 5 : ‘a , te 
Fhe. bh, 6-Dini traaio-s-trisain2-0l ; ‘s 
350. HH! -Metnylenddis(2,2,2-trinitroscetemide) 
g 351. 2,2-Dinitroacetamids - ; a 
"352, Hydrazine mebonitrate ~~ 
353.6 Hydragine ; ae 7 . 6 eR he 


oo "30, 5,5 eliyarazodi -id=totrascis 
3554 by-product from Hsdina syptheela 
356. 2,b-Pattrothlophene ; 
357. Methyl-3,5-dlnitre-1,2,u,yi-triazolo Ee BE Bee ee 
8, Mothplonebia(nitroiuino)diaethenol dinitrate . “ 
359. 5-Hitramino-li-tetrazols 


! 


360. Azidodititoforais seit = ; 
361. Avidowulfonic acid ‘ : | 
362 e aniline : 


363. p-Azidoaulline perchlorate | io 
wo HEI Qed anh Aadinttrephenol Be oy 


“IW es Sse we ej OO cor Ses net ’ 
365. Cervonyl azide . <", ; Sie tance 
366. p~Olazidovenzene - ~ : * 

367. 1,2-Dlazidsethans 

366, 1,3-Diazidopropens . 
369. wy od-Diaside-2,5-dinitro-p-xylene 
370. 1,3,9-Trincids-2,h-dindtroveasens 
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a a TABLE 132 (cont! 4) 
ae Fenda a 
i 21 Pg Hydresinius = estés 
i 32. io-bs4 doup-bitrotolueds aad 
| “3735 -2 ,-Phedido=1 54, sacra ere : 
i 374. 1,2, 3-Denzoxadlazole ; A 8Saaied 
| 375. 55 7eDinitro-1, 2 sj-bentvsadlasslach,b-die1. 0 # atria y ae 
4 3764 5,7-Dinitro-1,2,3-benroxaddazol—-y-ol 0 ee Shen Sushi Ste 
meds 3, o'r -Diaethy1-4,6 $-dindtro~1,2,3-benzoxadiazole : a one 
a he 2378. SaRydeony band henel,2, J-hanuazaacolach,7adlone ash 5 Meese eth, oka zed oy des ae See, 
uae} BID. = 4,5,6,7-Tecranttvo~l,2,3-benzoxadiazole — 
a 380. Bencansdlaxcuiua nitrate ee 
BRI, ple ,Webind troani {no }benzenadi. snzoium nitrate cnc ete LOOT aberrant ccs 
~ 382, 1,5-Dichloro-2, lini trobenzene 
; “385. 3,S-Dinitroanisole solletiie 9 bas 
i 304. 1,2=Dinifrouthane i ; o $s. Be gS 
‘ 385.6 2 *5-Diud Groyouo] . -- ate 2 ye MT. os 
ly 7 386. 2,6-Dinitrophenol . ; SD eae ee tO a 
" 387. 2,2=ini tropropane teeta RE seghet akin 
' 388. 1,3-Dinitropropane : es 
ai °:«CBBO, 4, 6-Dinitroresorcinol ee ee 2 aS aus soa 
{ > 39057 2,6-Dini trotoluene £ . 
! 391. 3,$-Dinitro-o-xylans i - : cour 
_.b ....392,._. Gigeero) 1, aadinitrate”_ oe pen (eit oes Sache wie it the Be By eee ie ees 


3936 (ii tromsthoar sa thano}! nitrate Parties =. 
394. 1,2-Sthanediol polymes 4:1 trate ; aoe = 
395. 1, 2, L-Butanetriol trinitrate js _ 
396. 233* Lyk rae eet ee ctpbenyt ether 
oe ae pose Va ev 

Bthyleneciasine diperchiorate ; , 
399. 1,0-Prepenettemine dtperchlorate | oy DRT Peet tere se 
oO. 1,3-Fropanediemine di perchlorate 

LOl,. Bial2,2,2-trinitroethy] amine P = 
LX2,° oAeidoformmaddine perchlorate : 

OS, 2-Mathy1-1,3-butanediamins diperchiorate _ 

kG. 1-Naphthylamine perchlorate ~~ Pe ee 


, 
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. 


3-(Perchlorstossrcurt )-1,2 vl-oxedimereuretan-3-82 iE aS sey ae ee 
Pk, Dewees} peed A el 3 aay Pgs : 


i 
Pp arrrey 
na = 

Ww 

e 


4 


bul . WELSVZs r- Vem Ss 
407. Di-2,u-cyelopsaiadisn-),-yl peroxide 
kos. Pleryl _hydropervxide » sodium galt. ng 4 


lan. ate 
W7e 2 3;4,5-Tetrani trosnissis 


“ WO, 2,3,5-Trinitrotoluens cee 
4. '2,3,5-Trini tretoluens a ee : 


412 2 \, 6_Trinttrctstusns rex 
9p oT 44 2 NY wei 


“Mase ‘398,5-Trinttrctoluene : : 
dik, 3,4,5-Trinitro-v-xylene | . £ 
’, LAS. 3,h,6-Trinitro-p-xylene” ; ; : 
(:hiG., #.3,5eTrinitro-p-xyima isl AAS e carb tom pee Rt GP oop sn Ghats 
SMT. (Nitroimino)dlacetonitrile 


see ee ced re OO (um NMRA Ree mh AS (Ride WiRr RED sae eer ee AO 
ca 
"7 
Cd 


418, Dimethylnitraadm 7s SES he ae aee 
119, 1,7-Dinit>o-1, |, Zetedaasheptene : i 
420. 1,10-Dinitre=1,l,7,10-tetrazedscune A : 
Uzi. 1 Hetiwie3-nt troguanidins : 
22. “Nitraaids ” : : 
' 423. N-Msthyl-N,2,4,5 sénpontanttao-a-telutdins : . 
: WPMENTTS7. 
\ (256T- ie : 
ij : = 
a 
FA = 
: : 
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42h, 2-tert-Butoxyothanol nitrate 1 
h25, Tetrshydrofuren-3,lediol dinitrate - 
426, 1,3-Diethoxy-2-propanol nitrate 
427. 2-Propanol- nitrate ; 
428, Bannitan tetranitrate ; ; . 
u29, Pentaerythritol diacetate dinitrate . - : D ait ieee 
430. Pantaarythritol diformate dinitrate. = Bo ss 
_ 431. Pentaerythritel lactate tetrani taste ; 
°h32. Pentaerythritol m-nitrobensoate trinitrate 
433. Sorbitol hexanitrate 
3h. 2,2,2-Trinitroethanol nitrate 
435, Aminoguanidine nitrate 
i 2436. . Quanylurea nitrate 
“437. Hydroazylaning nitrate. 
438. W-Methylnydroxylumine nitrate 
439. Piperazine dinitrate . 
Aho. Succinonitrile 
41, Malosionitrile 
4b2, 1,h-Dibromo-2,3-dindtrobanzene 
L43. 1-Bromo-2,l-dinitrobenzene 3 
huh, 2 s4-Dind tromesitylere _ ; eas 0 antes 


~ hhs. 3 ,5-Dinitrosalicyclic acid 


LL6. 1,3,5-Tribromo-2, h-dirdtrobensens 

Lh?. 2 32'yh, ',6, 6'-Hexani troctoxybengeao 

448. ‘ "2! 3h," ,6,6'-Eexant trobibensy] " 
WhO. 3,3%-Azobisl2,b,6-trisnttrophsnol) .. 


ca es 450. 1 :3-Dimethyl-1, Jedipicrylura; oy! 


h§1. ; 2) sb yk!, 6,6 '-Heranitrostilbene 

452." 22!,U, L', 6 ,6'-Haxanttro-3,3',5,5'-biphenyltetrol 

453. 3 32! al; k! tetrant trobensephenone 

GK Ts erand, troresorcinol 

hS5. 2,4,5,¢-Tetranitro-m-xylens ; 
1:56. ~-1,3,5-Trichlors-2, U,é-trinttrobentens = an 
4S7. Benzene 

LSB, _2-Rthyl-2,3, ,S-trind trobenzene 

u59. 1.-Methyl- i , d-diind trosoguanidins 

60, Penzens betozonids 

461, Biphenyl tetraosonids 

462. Naphthalene diozonids 

463. N,N,N',H!-Tetrebrowoathylenadianine ’ 

6k, &,M'-~Ethylenebis(-chloro-p-ni trobenzaaide) 

465. 1,4-Dibromopiporasine 

L66, W,N-Dichloroformanide 

467. 2,3-Butanediol dinitrate 

“L68.  3- “(Chloratoxercurt)-1, 2,4-oxedinercuretan+j-al 

469. (Chioratomarcvri) mercuricacetal dehyde 

470. He thylenebie(® vai trosohydroxylesina) anhydrous sodium salt 
71. Methylensbis{Nendtreso} hydroxylamine! monohydrate eodivma salt 
L7e. He thylen.ois(N-ni troschydroxyle=tao) disssoniun salt 

L73. Msthylenebis(N-nitrosohydroaylomins) monvémionium sait 

Lvl. Hathylenebis(N-nitrosohydroxplastie) anhydrous cadmium galt 
L75. Methylenedie(N-nitrosohydrexylamine) dihydrste cadalus salt 
u76. i mre ser ean Rar ner lvad salt 

i777. Hathylenebis(N-nitrosohydroxylamine) bis(diethanolamine dinitrate) salt 
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TABLE 139 (cone'd) 
c- : : 
76. “Me thylenebi.a(¥-ni trosohydroxyluntre nonohydroxy lamina salt 
479. Dipieryl- mercury 
480. 1-Nitronaphehelenzs . 
* 461. 1,§-Dind tronaphtnalene 
# 462, 1,8-Dinitronaphthilene nish whe Les 
> 483. 1,5,5-Trind tronapiitnsigne ? 
 4BL. 1,4, 5°Trinitronarnrmalens 
 “y85, -2-Hethyl-1,2,3J-propernstriol trinitrate 
LE6. 1,h,5;8-Tat. rani tronephtbaletie -- 
L487.° 1 ,5,8-Tetrant tronephthalene : 
4,85. cer i0(2,2,2-trinitrostiyl] ant no j-i#-tetrarole 
489. 2 -liydroxyethcoay)-1, 2-nvopanediol trinitrate 
490. pe aa Steazodi-~ SH-tetrazole 4 
491. S'.accdt-lH-tetracole 
492. 5, *5'-Bis(1- hydroxy~1H-totrazols) 
493. 5, 5! Bi-lH~tetrazole 
4ou. Triazetol, 1-¢] totrazole co 
95, 3, l,-Benzylidene h-guanyl -1-€ (1H-tetrasol-S-y1)- 1<tetrazene 
496. 3+Paony1-1- (1H- tetrazol~5-yl)-l-tetrerene 
h97, 4Guanyi-1-(1H-tete2sol-5-yl)-1-tetrazene 
498. 1-Hydroxcy-1H-tetrazole-S-msthanol 
“99. l-Hydroxy-S-nitro-lH-tetrasols 
500, 1-Hydroxy-lH~tetrazole-%-mathanol nitrate = 
SOl. i-Hydroxy-lH-tetrazole 
502. 5-(2,h,6-trinitroenilino)-lH-tetrazole.. - : 
503. Mors) ~kelno-Slor l)-nitraming-1,2,b,li-triazole : 
Sok. 5-(Nitrosoamino)~1,2 rls, 1H-triazole-3cerboxylic acid 
505. Biacetylenedi carboxylic: acid 
506. 2,6-Dinitro-p-erssol 
5076. - mNitroand line 
Sou. Phonol 
S09. p-Nitropkenol 
510. Pentant trogkenol- = -- = 
511. Phenylhydrezine 
512. (p-Mittrophany] Jnydrasine 
$13. (2,3,b,6- Tetranitrophenyl )h, drazine 
Sib. (2,3,b,5,6~- Pentert truphenyl Syd Pacines 
515. Nitrobenzens 
516. Pentanitrobenzexe = 
517. Hexanitrobenzens . 
518. 1,1,2, 2-Ethanetetranitramine 
‘O19. 22Ni trothiophene 
520. Jj-Methyl-2-n4 trouotnivghans 
521. 3-Mwihyl 2 ,4-dint trothtophene 
See. Dinitreecsiylene 
523. 1,1,1,3,5,5,5-Haptani tropentane 
52h. 3, b,S-2\iamino-1, 2,4, bH~triazole 
525> Guanazole 
26, j-amince-1.2,b,ui-triazole-3,5-did) 
$27. Urazcle 
528. 1,2,3-Trtsminoguanidine 
529. 1,2,3-Tiianinoguanidine dinitrate 
$30. 1,3~-Diamincguenidina 
531. 1,3-Diaminoguanidine nitrate 
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TABLE 139 (cont'd). 
Oxalic acid, sen ieases ine salt _ 
acid, bis(hydroxylamine)salt 


acad, senicorbaside salt 
acid, sminoguanidine salt 


uxcaltioc 

Cxalic 

Carbohydraside ue es 

Oxalic acid, monocarbohydrazide salt HR EE ES 

1Yadaaylcardohydrazide 

1,5-Dicarbamylcarbohydrazide 

2,4-Dianine-s-triazine 

N, *N' -Bi (ethyl carbamate) 

Biuree 

H-Guanidinooxatiic acid ie 

Saamine-1,2,h,1H-triazole-3-carboaylic ucid 

1,2, 4-Trieainoguani dine monohyurvchloride 

2, l-Diamino-6-net thyles-triezine dinitrate 

Totranyéro-L, 3,5,7-tetrainino-s-triszolo[a] -s-triezola 
2, b-Diguanidino-o-triazine dinitrste. 

Cyauuric trihydrazide 

1S vanoguanidine 

Nelanine . 

Oxalic dihydrarids Moar ash atiek 


3. Oxamide : - : a ao 


Cyenuric acid 


Geeta abe pes nee suekee _ aie Boge ee NERS ee He fg tes 
_ m-Nitrotoluena _ : x oc8 pes : 


o-Nitrophenol 

-Ni trophenc} 

m~Ni trophenetole : soe 
o-Nitrophenetole : . 

p-Nitrouphenstcle 

o- -uM¢ trsent entline = 

p-fi troand line 

o-Nitroscetanilide . Say gk slat « 2 

m-Ni croace tanilide 


“pehiitroacetanilica ~ 


1,1,1-Trinitroethane 
2,4-Dinitrophenatole — Tt mae mae 
1,1,2-Trinitrceathane 
2-Mathyl- ~2,3,3- -trinitropentans 
. Picramic seid 
P-Ni trobensal dehyde 
1,2,6-Hexanetriol trinitrate 
2,2-Dinitro-1, 3-prupanediol 
hjl-Pint trophimolie acia 
1,1, 3-Tetranitropropane 
5°5'3ofvini troeZepentanone 
Mathyl 4,h,b-trinitrobutyrate 
1,1,l-Trinitro-2-propanol acetate 
kb, betrind tro-i-( 2, 2, 2-trini troetiy] jbuty rast de 
1, earl a(2,2,2=trind troatay] }-2=(midezoztdone 
4 ju-Dinethyl-5 75, 5~trinitro-2-pentanons 
Diethyl (2,2, ,2-trinttroetnyl }malonats 
N,w'-Bia{2,2,2-trinitroethyl)-1 k-piperas sinedicarboxantde 
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TABLE 139 (cont'dy = te ee 


-Quanidinoscetiv acid < 
_Ethylures ageah PPL 2, 


i, 3-Dininydcroxyges tay] Jures 4 
2-Iat dazolidorns 


_ 1-Mathyl-l-phsayliydresine 


Bydracobeasene == : 

Tetrapbenyliydrasiae — eee oh Sa a See ae) ae _ 

Etityinitramina . . ; vinta Seiehioe “cuats yi Cote oes 

1,3-Dinktrcimidacolidins . 

Acetone ; 

3,3 '-(iitrcimino)dipropionitrile’ 

h, 4 -Dimethyl jb - ni tro~2-peutaicne 

iWFicryiacsiridine 

2-(2-Witrovinyl)furan : 

2-Mi tro-S-( 2-nitrovinyl) furan a ae 

2-(2,4-Dinitrophsnyl)-S-nitro-2H-dbanzotriazols a 

@ clinitrotoluena - 

B-(2,b-Dinitrophenyl }diethaxclanine 

2-(2,u-Dind troanilino)-2-(hydcuxymethyl)<1,3-propanediol 

2-(2, ,u-Dinitroanilino)-1,J-propanediol 
“(2,l-DinitroantlinoSethylexiag}ethascl === : é 


2 pi -Bthylenebia(3-ai troursa) 

3°(o-bi trophenyl)~1,2-2thsanedioi dinitrate 

1,2~Propanediol 2-nitrate 1-(S-nitro-2-fucrate) ; 
Herd cryldiethanolamino dinitrate ; . ese oa 
Homa thyl-B,5-dinitso-2-furcaide Sut : 

N,N Dime thyloxmside 

K-Methviglycolesice . 

5, 5<Digsthylhydastoin- -- - 

4; vhaDimethy?-2,5-piperse ansd@tone 

Mitroethans 


_ 1-Eitropropane 


2-Si.twopropane .. = Bee er es i eae rs 
i-ki trooutane aoe a : a 
Pe eee 
Toto ty are cs tvtas tis Tani etsnreeantaiae) nono trate 
ri 1B. d, 2-frial hydroxynethy} Jethoxy}-1, 2=prepanediol peateai trate 
2=(L1lylcxymethy2) -2~ Cnydroxyuethyl)-2, 3-propanediol trinitrets 
ee Ope (l-hydsoxyethyl guanidine nitrate 
2..(Hydroxyma thyl)~2~(propoxymethyl)-1,3-propansdiol trinitrate | 
2,2~Bis(allyloxywathyl)-1, 3~propansdicl dind tre ce 
1-M4 tro-3-(2,2, 2-trindtrosthy] guant diss 
Rthyl b,4,4-trinitrobutyrate 
1-Ki tro-3- ~{2,3-dihydroxypropyl guanidine dinitrate 
L=Ed tro=5~+{ 2-yarvayetiyljguanicins nitrate 
5-Pentanediol dinitrate 


6-Hoxanadiol diritrete 
1, Ee utenedl os dinitrate 
Bie(3 3,2-:rinitrepropyl) sulfone 
Paani dihydrasice dint trate 
Diethyl 3,3, 3-trini tro-i-propspsphosphonate 
4,4, 4-Trinitrobutyrard ce : 
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2.3,3;l,5-Pantazsthyl~1,1,1,5-tetranitrohezase 
ci 
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645. 2 S-Hexanediol dinitrate 

646, n-Butyl 4,4,h-trinitrobutyrate 

647. Diethyl 3-hyaroxyglutarats nitrate 

648. °1,3,5-Fentanetriol trinitrate 

649. 1,2-Butanediol dinitrate 

650.'.. 1,5-Dinitro~2,3-dinitrosobenzene, potissium aalt 

651. | 1,u-Dinitro~2,3-butanediol dinitrate 

652, "3j3-Dinitro-1,5-pontans diisocyanata ae 

653. 2,2,4,l-Tetranitro-l-butarol acetate : 

654. 3,3-Dinitro~1,5-pentanedianine 

655, Methyl L,,6,6-tatranitrocaproate 

656. 2,2,2-Trinitrcetheno] methacrylate 

657. 2,2,4,4-Tateanitro-1,5-pentanediol 

658, 2-NAitramisio~2-dmidazoline 

i 659, 2-Nitramino~lenitre-Zeimidssoling ; 
7 ; 64. 1,4,5 »6-Tetrahydro-2-nitraminopyrimidins a 


eR om ee 
is 
coy 


ee ememme me ot 


: : 661, N-Nitroethyleneinins polymer-dinl dinitrste Be Boe eee 
t ven = G62, +€,16-Dimethyi-3,6,9,12,15-pentani tro-3,6,9,12,15-pentazaheptedecans-2,16- 
= dicarbonitrile ; 

| ee 663. . 2,13-Dimethyl-3,6,9,12-tetranitro-3,6,9,12-tetrazatetrndecane -_,13-- 
dicarbonitrile _ 

t GEL, 2,10-Dinethyl-3,6,9-trinitrd-3,6,9-triazaundecang-2,10-dicarbonitrile. 

F 65, 2, 7-Dimathyl-3,5-dinitro-3,6-diazaoctane~2,7-dicarbonitrile 

f 668 2-Nitropropena polymer ; 

i G67, 1-Ethyl-3-nitrogaanidins 


670,- 1l~Amyl-J-nitroguanidine 
671. Guanidine 
672. Pyridins : 
673.° Ethyl acatate : p 
S74, &,4'-Isopropylidenebis(6-ni tro-o-cresol) 
675. H-Sthyl-N-nitrosoantlines * 
676, Nelitrosodiphenylanine 
677. 1)5-Dimetbyl-in-tetrazcle 
678, 1-+-Phenyl-lH-tetrazole : 
5-Pheryl-lH-tstrazole 
680. S-~Hethyl-l-phnyl-1H-tetrazcle 
5-Nethyl-2-phenyl ~2H-tetrazole 
682, 1,5-Diphsnyl-1i-tetrazole 
2,5-Dipheny] +zH-tetrazole 
68h. 1=Phanyl-iHeietrazol-S-ol 2 : . i" 
_ 635, 2-Phenyl-2H-tetrezole-S-carvoxylic acid 
zo 66, Ethyl N-lH-setrazol-S-ylearvanate 
aed . 687. N-1H-tetrazol-S-ylacetaride 
688, 1H-Tetrazol-5-yleuanidine 
609, 5-Hitramino-li-tetrazols moneguesiains salt 
690. Benzldehyde, lH-tstrazol-5~ylhydrazone 
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; 4 O91. Hydrariue hydrate : os 
€ ° 692. 1, ltaCyxionexylideneb.a(2 sSrdind trophana}) i 
i 693. 2, 2! «Hydrazodiieobutyronitrile 2%. 0G ee 
i 49h. Aestic 1,2edipnanyihydragide ~ 

; g 695¢ NN'-Biacetenilids _ 

wep 6%. N,N! -Bibensamide ae 

"5. 697, Malonic dihydrazide a 
i 696. Succinic dihydrazice 2 
a £99. Thlophans - - 

"F708. Catechol 
{ it 
| 
| 
i i 

me eee wos - 
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A previously developed method for the: caiculetion “of the Anpulse. 
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of organic ‘explosives ana 30 adctures of praia contéining metals. In 

“the case of the pure ‘compource, the average deviation is +1.é while the 

standard deviation 48 6.7. qn the case of the mixture calculations, tha 
4 ars deviation isa +0. waily the s' Landard deviaiion is 5.8. ..Covrespond-~ 
oh ing figures for the metallized mixtures are -0.8 for average wid-7.8 for - 
en standard deviations. : e 


rae By using the ‘systen’ described in Section XVI for calculeting the 
ae . heat of combustion, gnd the method described here for calculating nR1, it - 
eas eM As possiyi> to euetieee a pe corround or Fesehy as to power, th ‘a fow 


pee ee 


|. pounds s ; MSE AES 
MEY enc tite  oOy AUR EORNCEIORS 532 “ n= ae 


. Sots This section describes 2 ‘sioplit ded method for caleul ating the 
oe ; power of a high’ ‘explosive (pure compound or mixture) from thermodynanic 
ra _ date which sizes results bearing a direct, virtually eauivalent, relation = 
oe -..,t0 the powerof the czplosive as measured in the ballistic mortar and the 
“= newetype spherical lead block. Power 2 used here”anc as measured in the 
-- ‘ballistic mortar 16 that force exerciced by an expiosive durning in an 
to enclosed space, large enough only to contain the explosive. Thus, it is 
s a 8 energy developed at virtually constant volume. Al] thermodynamic data ore 
Wd 2 beretors refarred to constant voli. .. cae . 


wn, Ggloulebion of ‘the PV work product (F « nRT) according to the aim- 
plified procedure of Hirschfelder hae basn used for propellant powders for 
-gone tima (20). The application of this waxe method to explosives has been - 
described briefly (6). This presentation extends the calculations and data 
presented previously. Calculations of a large mumber 01° pure compounds, 
mixtures of organic compounds and metallic mixtures indicate the value of ~ 
tee this method as a tool tor quickly evaluating the power of an aa ool 


a In this method, one hundred times the qotient of the cal iculatod 
; _ energy_divided by the:energy of an equal weight of TNT expresses the Fowsy 
‘of the explosive in témas of per cert THT. 
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Previous simplified methods employed in the caleviction of power 
: of high explosives have assumed an overall specific heat for the product 
: -» yases formed in the detonstion (1).:; The system described in this report, . 
by ‘applying the Hirochfelder method of calculating tempereture, takes into 
: -seseunt the variation in specific heat ior thé various product gases formed 2 
i over the particular temperature rang® involved, Thus 4% is beliaved that 
-> - exploston-tameratures calculated in the method described in this repert 
: sre somewhst mor# realistio, although it is not claimad tnat they are the 
true values, since they do not take into account the dissociation of the. 
produst geses.. The resetion-products which are taken into ecccuat. are 


governed by | the sasusptions stated on page ‘580. ; a - 2 


p Meee fH OT 


: ~ It is Re ouaetite. to correlate the nai values obtainea with ‘those 
measured in the new type spherical lead block, 2 teat method vhich is te be 
described in a forthcoming report. This correlation ; ap shown in Tabla | qT 
and briefly discussed. 


: ‘One method for calculating power of high explosive used in the sar oust 
é was the scecalled "characteristic premier (Berthelot) which gsve power ap 
> per cent rer a the formule 


P (% TNT) = 0.00359 M * Up 


i042 . B. 1 2 
wee erg vhgsh fe motes of gus per kg. of explosive ; on 


¥, wheat of  Sateeton in keal/kee 


‘ This syste has besn applied to a ramber of compounds and aiveares 
(lu, 5). Comurison of resuits by tho nRT and Berthelot mathods of caleula- 
tion shown. distinct adventages of the former as given in the following: 


a A elie tates oh et ah Lt et a ee Se ees 1 mee iE 


{ 
<= ; iia { 
Eat, _Syeten : Borthelot Syston i. | 
_ Nhs SS, =, ars i 
qi Gopeeintes observed ballistic = Correlates Gedaiiaienwsleas , j 
ou. 7 of mértar power valuss_with cale _ with opsérved icad block values 
culated values, on a 45° lins, ~— “ "on @ straight line, not L5°, ' 
thus giving identical figures. . (Figure 64 Reference (5)): and ry 
-({Sae Pigures 26, 8 and 62), witn ballistic mortar on «& .? H 
curved line chsGune 57 saeee vance Be | 
eee Baa 0-0) 9 -- - ‘ : { 
-_ 3 + t 
- 1 
2) -Applicable to primary and ~@) The sexe correlations do not ‘ 
secondary piosonhorss, suxo~ apply to mixtures vielding j 
plosives, and mixtuises includ- products partly non-geseouss ‘ H 
“ing those containing metaliie . 4.6, metallized mixtures. i i 
elenents, E (Figure 56 Reference (5)), 4 
a 
= a i 
= z = ‘ 
; } 
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RT Syatem : ; Berthelot Syaten ” 
3) Includes calculation of a 3) No temperature calculated. 


tefperature, necessary- whe 
gas digzociation iz considered. . 


resiistic value for explosion ie xe eee & = 


k) Results of power calculstion are 4) Hesalts are comparative only. 
capable of being expressed in “ ris Me es 
meaningful unites oves Gay's; 


A series of tine Berthelot calculations have been nade and commared 
with the obecr cd Ballistic Mortar vaiues (5). Although there was no 


direst, straight-line relationship shown, it was possible to formulate an 2 

idealized curve. q 

4 

C. Discussion . 

‘The simplified system presented here is based uron the deteminae : 

tion of the pV work product of the gases of detonation. The common expres= = 
gion for this wurk product ie: p¥ © okT, here, written as 

= ome - ee Spl eR* Tab . (1) 

where R is the universal gas constant (1.987 cal/*K/mole), T is the adiabatic ‘ 

floms temperatura, °X, and 2m is the mumber of molea of gas formed from one : 

mole of caplosive. The porameter, zn, 16 obtained iy writing the detonation. od 

equation, The. flame temperature, T, mist be estimuted from the equation 4 

a gs . : .@ 

T= 256 « ie, x 1? ey x 

F = 


where Q° is the heat of exniosion-at constant voluss in kcal/mole, n 4s the 
Moles ofMeach cas formed, and C, 1s the srerage | neat capacity in cal/role of 
each gas, at constant volume, ‘cusp the range 299 to T. This temmerature, T, 
1s actually obtained by a process of iteration, using the snecific heat 
values tabulated. _(Table.Uh¥). Examples of detailed calculations are given. 
in Subssction D telow. 


iba 


| 
rae 


: The subsiitution of apprupriste aiameaties for'an and T in equation 
(a) gives a value, which when divided by a corresponding valua for THT, 
Fasulta in a pows? for the sxelosiva, iii tuswa of TRT, which comparns directly 
with observed heiiistic mortar and spherical lead block measursicents 


oa 


ar 4 br 


It 3 ie tally Taicerived thet in this very gimide metnnd sf cat: 
44#sn Shore have boon pa ited suveral factors, among which as» the nosel. 
bility of dissociatic: cf the product gases, the effect of y(the ratios of 
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specific heats, C poy de and deviations frow the nerfect.cus lav. 
_ . Binssociation of the product gases would resuit in an increase in 


d@ a corresponding decrease in the adiabatic flane temperature, thus 
erbalancing, at least to eome extent, the effects described. 


rt 
3 
: B 


It can be shown that ina simplified system such as this, yes 
little effect upon the final relative values. This is dug, to tha fact that. 
for all practicsl purposes only diatomic and triatomic. gyees are produced 
in the detonation. A review of some of the iwre typical “hign losives : 
reveals that} varies over en extremely emall range, (Talkie 140) thus making — 

.a@ refined treatment of this parameter unnaccesary in a ityetem share onky _ 
relative values are involved, 


. 


Table 140 
Ratio of Specific Heats, y, for. Product Gases 


for Selected High Explosives 


COMPOUND) - ¥ for Product 
Me Baws. cy Gapua, 298°K 
Hak : ; 1.37 
38 Disthunclnitresine dinitrats ‘ * 1436 
“37 ++ Dhetiylens glycol dinitrate == = 4338- = 
208 2,3, 4,5, 6«Pantani troant line ae 36 
26 Pieric scid . 1.39 | 
233 2, 3,4, 6-Tetranitroamiling 1.38 
2u0 Tatrani tromathane 1.39 
313 2,4, 6-Trini trotaluare 1,40 
328 Methylensdinitramine, MADINA 1.35 
31 ~ 1, 3eBi of 2,2, 2otri nt troetio] jnree 7 1 
337 Bin(2, 2, 2-trinitooetiy) nitramins, HOX 1.37 
33 2; 2,3, J~Tetrem trobutane oe 1.36 
Averago. 1.37 


Byea st igh temp=~twes, and thes iowver. rs, the deviation fraa 
@n averege vaiue ia very eeali, 


‘The heats of combustion ‘used in these calculations wore obtai ned 


“zs the mothed teesetbed in Sectisn EVI Te wae Faind 4h 54 
Sy ve SoCaSE Atae 2 HES THT Vitae, RawsTaLiy y vind 


use of calculated in Place of observed heats of combustion g2ve nkT values 
which correlated better with the observed ballistic mortar values. The 
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epecific heats, C, /e, ), and dsviatione fros the perfect-zau law. 


_@n and a corresponding aeeneese in the adiabatic Fie ecparkuurs, thus 
counterbalancing, at laast to enne extent, the effects described. 


It can be shown that in « simplified system such as. this, ytias. 
little affect upon the final relative values, This is dus to the fact that 
for all practicsi purposes only di diatomic anc triatomic grees: are produced 

- in the detonation. A review of some of the Hurs typical high -rplosives 
reveals that varies over an extremely small range, (Tatie 140) thus making 

-a refined treatment of this paren. ee, unnacossary in @ ivsten nnare only 
relative values are involved. 


; Table 10 
Ratio of Specific Heate, y, for Product Gases - 


for Selected High Explosives 


2 COMPOUS ¥ for Product 
Ke ee Gaps, 298°5 
22 HK 1.37 
z = ar ©) mk ——- on 1637 
35 Diethanocinitramine dinttrsts pe) 
“ST: Dietiylem giycol-dinitrets — 1438 
203 2, 3,45, 6ePaotant troaniling 12% 
2 Pherie acid 1.39 | 
233 2,3, 4, 6-Tetranitrosmiline 2.38 
20 Tatrani tromathane. 2,39 
313 2,4, 6eTrinitroteluene 1,L0 
7 328 Methylensdinitramios, MEDINA 1.35 
7 331° ” Lp Bettia( 2,2, 2etarini troatiy] jurea 1.3) 
337 Bin(2, 2, 2etrinitroetiy] nitramins, HOX 2637 
33 2,2, 3, 3«Tetreni trobutase 136 
_ average 1.37 
Even at idgh temp=-=twes, and tins iower x78, the the deviation fron ae 


on average value ia very emli, 


=. of combustion used in theses calcatat ions were obtained 


The heat 


Te tram Fosse thn +e 
av Wes TOUNS that, RoONoTally, vine 


use of calculated in clace of ebsarved heats of combustion gave nkT values 
which correlated better with the observed ballistic mortar values. The 
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observed heats of pimbustion were used 11) the calculations show in the © 
origtnal oresentation of this method (6 D)-» 


Other thermodynamic data used were derived: from OSHD Report Suz 


12). 
Au2 and 149. 


Table isl gives the onergy values required for converting 


(10), the Bureau of Standard Tables (7), 
These data, as used in these calculations, are given in Table ay: 


to H,0 gas end heats of combustion to haats of explosion. 


Tale UW 


.and the open literature (2, 9, 1, — 


H,0 Micka” 


Gan: 


Tho rmodynanic Date for Solectud Reactions 


Cseserted &: 
Constant 
Volume 


Hy (14q.) ——» Hg0 (gas) 


C+ 


00 + 0.5 0, ——:C0, 


Rated @s 


Hz + 0.5 0;-—~ iyO (gas) 


© Reference (7) 


Constigt * 
Preggiye 
10.519 
Wee B2_ 
670635 

570793 


9.927 


_ 93060 


67.3 
572308 


kcal/mol 


Teble 142 gives the heete of casustion and heats of fusion and 


table 1h2 


vaporisation for the metals ~ tyeir corresponding oxi tering {ate 
these Eee: ~— 


 Taermody amic Data for Selocied Metals 


and theis Correg ponding Oxides 


Qo (isd gan) 
AL 199SL af 206 af 
41,0, ~ 2.6 a/ 
8 151.0 af 
Bg haces $5 & 
ig 1u50G af = 2.3 / 
rgd ee 185 / 


3105 
18967 s/ 


97.2 df 


o/Bureau of Standards value (7)5 b/Handbooks of Estisatod; 


-579- 
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In Table 149 are given the specific heute at constant volume, for 


1C°K intervals, for. the assumed oroducts of detonation, In extending these 


specific heat ‘ata to -7O00°K it is fully realieed that such extrapolation 

of apn infrequently measured for temperatures aove 200C°K, is at hest 
guess-work, but the lack of data, payticularly for the matal cxides, forced ~ 
such extrapolations. It-should be noted that in snite of these considerable 
extrapolations, the cegroe of accuracy attained in the final values (2 TNT) 
is good and appears to be in no way related to the teapereay? range involved, 
at léast up io 5000°K. 


Finally, in making a ese enlculationn, it was necessary to make 
‘certain assumptions as to the priucts of, dotonatione ‘These &ssusptione 
are: ing peas 


4. The oxygen present is. used: first tc burn the carbon to CO, 
then the hydrogen to H,0, and deans tha CO to C03. This follows the 
Kistiakowsky-Wilson assuzption, a : 


2. If a metal is present, 1t is oxidized fully before ay co is 
formed, : ; 


3e iy. free carbon. remaining unburned is conaidered a solid and 
is, therefore, not added into the number of moles of gas formed, 


kh. The metal oxides” assured to be formed ramain solids unlees the 
“calculated adiabatic flame temperatura exceeds the boiling point of the 


-oyide. If the boiling point is exceeded,, the heat necessary to vaporize 


the miantity of oxids 1s subtracted from the haat of explosion and the 
adiabatic flane taaperature is rociul-vlated. Thies may resuit in 4 calculates 
temperature less than the bofling point, indicating that ory pare of the 
oxide is vaporized, 


The accuracy of this mathod of calculation of power da illustrated 
in Figures 60, 81 and 82 which show the direct relationship between calcu 
lated power ard observed ballistic mortar values for 111 pure compounds, 

56 organic mixtures and 30 metallized mixtures, Applying simple statistical 
methods to tress data, it may be shown that tha average deviation of the 
observed from the calculsted 4s +1.6 forthe pure compounds (eliminating 6 
ao -discissed below), *O.t for the organic mixtures and.-0.3 for the metule 
‘lized mixtures. The standard (rootervan square) cevigtions, from the. mean, | 
ere 67 for the nure c: smpounds, 5.3 for the organic nixturce and 7. 8 for the 


metallized alatures.- J 


Figure 83, dream to show the statistical scatterines for the pure 


- compounds, mixtures and metallized mixtures, indicate that.these scatte.*ings 


are generally normal, This leads to the conclusion that “he deviations are 
due largely to persensi errore and ars therefore not% ishervat in the systen 


~arge 


or in the aaa 


The sumerized results of the calculstions are gives in fables 143, 
14 and 115. Ballistic mortar data were taken frou is 
series (3, 5). CONFI: 
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Organic Compounds 


et 


It will be noted that of the 111 pure corpounds given in Table 143, 


only six display deviations from the 7 


4s about three times the standard devietion which te comi 
include 99% of the deviation due to chance, 


mean greater then plus or minus 16, that 


only considered to 
These six whith wera excluded 


from the statistical aneiysis, are commound numbérs ff, “Ti, 135, ljdy 2u0 


and 297, bate on thease are sumnarizsd in Table 116, 
Table Ly6 . a 
uri Compounds Snowing Lerve Ditrerencss Between Observed 
Ballistic Mortar and Calculated nkr Values 
Compound Power, % THT 
No. Mame QB. Cale. He, Deve 
--26 - 2,4, 5-Tri initron2,li,6=triazshentane- =54e7 «82120. 428. LL. 
‘UR, Ptiol diacetate — pot ae : 
11 2,4-Diaiteophenel - MG? "75 523 - 
135. 1,3=Dipferylures > ei Ao. 9G. --o2e 
135 Hexanttroethane. +u2.7. 75 108 +33 : 
2i0 - Tetranitromethans 1 #h9.0 58 loo) +51 
327. Mitroform 37.1 90 125438 
Of these conoounds, the large negative deviationa for mumbers 7]. and 135 may 


possibly de expleined by the fact that these were not actually the conrouncs 
measured or perhaps éven that they did not detonate comletely in the ballis- 


tic mortar. 
+247, 249.0 


the 


and +37.1, respectively, 


large 


Compounds 136, 240 and:.327 have large positive oxyien balances, 
a fact vhich sivss an expiaration for 
positive discrepancies found, for it may be reasonably sscumad that 


the excbss oxygen reacts with the detonator which itself has a negative 


oxygen belence. This explanetion hae been 
tic mortar measurecents mada by the Kurviv 
and bis(trinitroethyl)trinitramine (i«-.), 


_of the usual electric dstenator, a modifi. : 


of 
or 


combnstibie seal, The explosive charz 


PETN bass charge, and 9,42 gran 


substantiated by two recent baliis~ 
of lines, Tetranitromethane 24, 
37, were rencasured using in place 
Ya, 6 type detonator free cf a 
trig detonator consisted of 0.2% 
(8~25 DDNP-KC1O, primary charge. 
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_for NOX from 155 to 139% TNT. Thus the deviatian between measured and cal~ 
culated power for HOX, the cniy other compound of high positive oygen 
balance, wes radiced to +13, or within the range of accepted srror, The 
large gir ferance still exteting hetween the measured and calculated values (erases 
for THH may well be explained by other thermodynari( characteristics of a 
this waterial (see pege 476). The deviation of +38 for compound, member 26 

can nor be explained except te state thet there 1s tha ‘pogsibii’ itv tiat. the rae, 
compound moacured wae i BOF what it was ene to bee 


i 
‘ 
| The ballistic mortar value for TNH wes thereby reduced from Uy) te 109% THT — 
i 
| 


concerming @ 

probable degree of puRiey of tha corpound or a accuracy 3 or cage ceoent: 
it should be pointed out that deviations between measured and calculated 
values are at a rininum for compounds which are best known and henre 
nrobabjy most rearly puro. Axong such sortounds are hMX (22), RDX (23) 
ethyl nitrate (102), nitroglycerin (161), nitromethane seat PETS (2675, 


pierdc acid (216),. Tetryl.. (253) and MEDINA 2b}, 


' 2 Explosives Mixtures Bag ae and tele = eee 


An even better vorrs slation. is ‘vii cated: for the. organic aixtures, 
i aa.shown in Table 1b and. Fizure 81. This may be due to the fact thet tha 
i ‘mixtures are generally made uv of the mora cormon, and hence better 
i 


evalusted, compounds auch es TNT, #07, PETN and EDNA, Az in the case of 
pure comounds. there: may be #*-an the effect of positive oxygen baiance 
(Ma4LO, 412 and 1412) upon the ballistic. mortar values, se 


in Figure 64, there sre piotted the méasured and calculated values — 
i. --for a sorise of Crelotels (RDX/TNT). Thin fivure illustretas one of the - 
uses this calculation aystém has, that is, an indspendent check on observed 
values, Here it appesre that there are discernatls errors in-the measured 
valves for there-is no expirnaiion for the rather erratic behavior indicated 
in the range of LO to 65% ROX (Mehl, Lh2 and bL3). Rather, it is to be 
expected thet the power of this mixture increases as the’ per cent of RnY 

is incréased as as shven by the calculated powers. ” 


H . De Hotallized Mixtures 


=) ee Tne calculation of motallicsed mixtures is attsndsed ty added 
‘: ~ gomplications, including gross sssumptions as to the productu formed, 
' whether the inorganic oxides assured ty be formed are gssema or solid, and 
' finally a general insufficiency of thermodynanic data, As pointed out 
j previously, tho metals were assumed ic oxidize compictely (1.e., to AtaVa, 
BoC, or MgQ}; All celovlations were mode for beth solid and geseous natal 
oxide and a3 will be seen in Teble 1h5 and Figux's 82, the corresvomiing 
od and “gaseous” waluse generaliy lié and below the line, 
@bhnas 


DOVS 
otivei Venss, if 36 eames Oe ee ee ee ee 
ovively, Hence, it would appear th. trus correlation diva bstween 


ov 
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the "solid" and “gasevus" rvalses. This is borne wit ty the 0.8 averace 
Geviatien show when the *solid* snd "gasevus" Cigives ere considered — 
together (Figure B3}e 


Beceutte of the assumptions yiich had to Le mede and beccuse sone. 
of the temperatures caelculeted are apparently out of the range which can * 


ba handiat annftidentiy hy osch = simplified assim, 3¢ Ae cot claimed tat ~ 


the calculated taaperatarss and energies for metallized aixiures reprasant. 
the ¢ras ralucs. ‘They are, riowever, gaidraliy of the sane relative oiier 
of magnitude au measured by the bailistic sertas and the spherical lead 
block. (Tables ikb end 147). ( ; 


Thare t8 some reason to believe that the power valueo for metal- 
lized mixtures as wreasured in the ballistic morter ani lead Licck to date 
may be conewhat in error as ilustrated by Figure 65. There it is shown 
that the ballistic mortar and cylindrical lead Linck asasuraments for a 
saciea of Tritonals (TNT/Al) disagree us to the optiame per cent of aluninua, 
thet _da_ the Jacation of the peak of--uns-curves Calcuiated powers are Some 
what lower than mos=red powerg mut agsin thors is gejicral agi cement between 
the observed ballistic mortar and calculated Bat" as to the pesk end thse 


overall shape of the curve. 


Since it is generally believed that the ballistic mortar and the 
Spherical load piock meamre abock power, a2 contrasted to blest power, ths 
use of these two test methods, and heauce the n&T calculation asthed, cammot 
be considered as a finsl asens of svalusting uotallized caplosives, 


le Covrcviatior of Spherical Lead Block Measurements and nRT 


Tre nee type ephnerical lead block will be discussed in detail in 
a forthcoming renoit,. It is sufficient to point: cut here that results ere 
hased unon an eipsivalent woight, 2060, vi 4 swixnd of empsosiye reaiired to 
give an expansion in the block emivalent toa mecifie! expansion for THT. 
the power meessurenents resulting from the opherical lead block correlate 


Girectly with nRT calculations and therefore also w.th ballistic mrtar 


valuex, This is ehown in Table 17. 


Ln 
. Taking all the vaiues given in Table 17, the average Saveak ton 
ay calculated to he ¢9,1 und ths standard devistion 4.9, Thus the correia- 
tion (indiceted to date on twenty-nine compounds) of calculated ni? fh 
spherical lead block msasursmemis is 43 good as with ballistic roriar , 
Aaaourements. oe A 


CORT TENET AL 


-593- Arthur D, Little, Inc. 


er, 


od 


CONFIDENTIAL 
SECURITY INFORMATION 


0 eee nat aE ie. mek emiee | 


POWER % TNT 


_. @- ; ATED = RT, val octal 
Wen —s-BALLISTIG MORTAR 


a? peel — 1 
@G—--—-CYLINDRICAL ‘LEAD BLOCK 


fone 


% acuminul 


“FIGURE 85 


COMPARISON OF CALCULATED net, SALLISTIC WIORTAR - 
ARD SPHERICAL LEAD BLOUX FOR TRITONALS (TNY/AL) 


“SS ln COKF IDET IAL 


Arthur D. Littis, ine. 


CONFIDENTIAL 


SECURITY JHPONMATICN 


Correlation Hetween Calculat 


Table 17 


: Explosive Commound or Mixture 
- ee ee ee 


rure Cormounds 


ak 

RDA 

Nitroguanidine ; 

Te try a 
Styphnic acid 
2,l,6-‘rinitrotoluene 


“Mathylenadinitranine, MEDINA 


Bis( 2,2, 2etrinitroeshy2 )ritranine, HOX 
S-Amino-lH-tetrezole 

Hydrazine nitrate 
leAnino~jJenitroguanidine 


Creanic Mixtures 


TAM/TNT, Afit- 

ROX/TM, 77/23. 

HAX/HOY, 3.3/56.7 | 

HOX/TNT, 81.8/16,2 

Mentwa ANT, 80/20 (cast) 
MEDINA/THT/Tetryl, 80/10/10 
MFLINA/Tetry1, 69/20 
MEDINA/Styphnic ecid 
RDX/Hydragine nitrate, So/hs 
HUX/TRT, $2,20/46.79 


Motallized Explosives 


hOX~28 
Torpex 11, RDX/TNT/AL, 42/10/18 


Torpox II/Nitroguanidine, 61,17/18,83 


Torpes Ii/Witramtnoguanidine, 57.92 /u2.08 


Aiuminized MEDINATOL. MEDIRA/TNT/41, 76/19/5 


72/18 /Ao 


68/17/15 


04/16/29 


# Newetyps spherical les: tbiock. 
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151-246 © 5 |150 
152 1L9 = 3 1150 
95 96 +3 lich 
127 12h - 32 {130 
103 102 «1 /1n8 
190 190 0 1100 
158-155 = 3 )1SH 
125 128 + 3 4139 
96 node - 


we 
land 
nN 
a 
I=) RD 
Ae 
‘ 
or 
t ¢ 


13 113 | 
152 169 +6 j ~ 
U6 153 - 3] + 
353- 152 ~ 1] « 
U8 153 #S 1 
151 380 +1]. 
153 Ub? - 6] ~ 
153 52 #2} - 
ly 151 4+ 2] = 
a6 0-4 | oe 
130 lw -6 | - 
- 41,05 | 
Stace 
solid 61 59 <2] - 
ges 60 -1 
aclid 12 lbh + 3 [13h 
ae 132 +12 : 
solid 139/131 - @ ij - 
* gas 126 *5]- 
solid US 134 -21 | - 
gag 132 72 
solid 186 382 2h] - 
gas’ 152 3 
solid i160 157 ~3 | <« 
as 153 +h 
solid 163 163 Of - 
gas 15h +9! 
solid 16h 2A} 2] | 
yas 255 +3 
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5. aan to New Commounds and Mixtures 


: it is believed,, however, that this aksapiitiod gyoten his a more 
imortant application in predicting the relative power of pure compounds or 
mixtures a3 they would be measured ty the ballistic mortar, A nusiber of new 
* umisual compounds and nixtures pie have been proposed as high emlosives 
ave been calculated. A few typical onss sre given in Table 148° to illus- 
irate the application of the method for calculating heats of conbuation 


Table 118 
Pronerties of Selected Hi gh-Enerey Comnounis 


Celevleted ; - 
=} Cale, 
a : Name 0.2. Keal/mol Rok £THT 
SeTrinttremethyl-IM-tetrazole 413.0 267.7 26727 670 16h 
hut Codghe 2,¢—Totrand trvethylbi (Saree 2 3ek 670-5 603.2 S56L9 168 
li-tetrazole) 
i pee ae 1,1,1,6,6,6-Hexanitro-2,l- ~  ~Q.0 > 698.0 «69%.0 ©7390 «18S 
; . hexadiyne ; . ; 
1,1,2,,h)b -Hexenitro-2-butyne 419.8 655.0 655.0 7750 188 
; : . Tt is recognized that none of ths compounds listed. in Table 148 
ip , have teén synthesized td perhaps sre not practical explosives, but they 
ut : point up the need for exanining certain structural grouns, for exanpla, 
; CeCe end the tetrasole ring, which would be desirable from an energy I point. 


: of view. 


E Cer exp cted that this sytem will be extended to sulfur-contain- 
- - ing commounde, to sont helogenatad compounds, and perhaps to mictures cons : 
taining metels other than those covered to date. 


A form devised to standardize and expedite the nkT calculations 
48 shown as Figures & and A7, the obverse and reverse sides, respectively, 
The following discussion of procedure iv presented in tecms of a typical 
atep-by-step calculation for compound number 23, xDX, Figures 86 and 37.- 


Tt will ne noted that the reverse side ecntasne a smail table for 
eeiculating the hast of combustion from the valuce of a' and b', as given 
ain Section XY of is report (ses Table 60 }. These values are inserted 
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for tho various groups present ane & (H30 lignid) ae lated from the general 
equation : 


& (H30 Myid) © al ¢ xqu!. 


Havirg calculated this & QS (HaQ Miquid) fer the camound, there iz aidad -zhe 
value: "fox an&T to correct the value at constant presware to heat. of combus~ 
tion at constant volume, @ . These values of SGU.7T aid 50704 are thon | 
traneforrad tothe "Calc. @ and Q lines on the front side of the sheet, 
From tho value of 557. 18 Nibcracisa the quantity (300 2 Fo¥ET) WO CuTWeENt 
to Hg0 gas (See Tabla 1:0). From this value for heat of combustion at 
constant volume are then subtcacted the energies required to nutn any C to- 
COg, CO to CO, and Hy to HO. Thus, in the case of RDX, the qua-tity  ; 

(3 x 67.341) ts subtracted from the value of 477.4 to obtain the heat of 
explosion at constant eclzie in kcel/moi, The next step involves 6 series ~ 
of iterations to errive at an awlosion temerature, This 18 done by assume 
ing a temmeratura and setting dosn on the fora the specific heats of the 
detonation products at this temperature os obtained from Table 149. The 
summation of the products of these specific heats and the munber of moles of 
each gas present is then divided into the heat of sapidsiui, miiiiplied ty 
1000 (to convert from kilogram calories to calories since the snecific heats 
are piven in the letter units) and added to 298, the bass tayerature, to 
ive an approximate ¢_tenperature. -The.trie temergtura lian hetwaen theese .... 9 .-.- 
aporoximite and assumed tem-eraturee, The syotem is repeated uniil there : 
resulta a final celculated (eiwiaratire corvesronding to the assume? tuiuierae | 
ture. Tals tempirature te next. ineerved dn the nkT equation along with the ! 
value for an, the total moles of ges formed, which has bean obtained fra ~ 
the detonation equation, (See assumption vage 58)). The units for nRT tma 
found are kcal/mol. Subsequent conversions are made to kcal/kg anid then to is 
ft lbe/gram, The latter, when dividea sy the corresponding figure:of 701.0 | 
for TNT and rultiplied by 100, results in an ant ee exprecses du terme | 
of per cent TUT, 


There is provided on thie form ea space for freee an the molar — iF 
i 
| 
| 


high explosives - 


In the case of organic mixtuszs, it has been found desirable to 
base all calculation on a total quantity eoulvalent to one mole of the it 
mixture, Pigures 08 and S9 give aii example of tnis type of calculstion 
{llustrsting thi mixture of 50/40 ELUA/THT (Ednatel), By dividing the 
weight ver cent ty the xolecular weight of each of the components, a molar 
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CONS TDENTTAL a CALCULATION OF POWER AY THE nT MExOD . a. 
SECURITY INFORMATION - 
ne Se atepabural Fovmla - Name _BDX z aa —-— | 
: a cone jee . Numbar_ 23. _ Molecular Welent 222.9 ‘ 
a 2 f nee & pan ; 
: | Ogygen ¥ veoded 0. atous/mol <pd 
. HaGn acta a 
re ae ; Oxygen Balance oe | see 0,/100 gu epd 
| mt bta a ESL Ls 
! ese. eee 1 gas/m2i compound 
Vv it 
& = _ a7 Kent fod (H20 gée) Obs. a - Soa Kea /moh in0 liq.) 
Vv 7 Aes : 
ee ae ey - 
% mol (K20 699) gach» SoZ Heal op (20 114.) 
Thermedynaaie Data Data Referénoe:___- — 507 


Ag Oa 
TT Yo. Pro=] eee oy a ee 1/°K) = 298° to Anau Flame Ti Tenperature — 


Yols aust —1190_ 


Fe B-Ten = 1,987 x _h28o x__d.9 x 30°79 
w= 76,53 Keal /iaol : 


«3h Keal/Kg 


= 295.0 te Mee/g —G.087 ft lbs © 1 cal) 


Tan at ) 
| Calc, Power 2025.0 __ EA 6:5 Soe Sy VY Caan 
y 701.0 
mim i ThiMines \ 
ie Sai Uos. Fower Be Ne = ae a lt ee 2 
Equiv.Powsr, Lead Block eas ans ey ee See} ; 
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. : . See 88 
CONFIDENTIAL : CALCULAY LG Powkii 8X Tak nkT METHOD 
SECURLTY INFORMATION 
Seructural Pormils Nene pdnatel ace ee ae a a ee 
“pag TY . 
60/40 es al Seles mea —— | 
043997/0.1761 Number. 2eilsie Molecular Weight 173.67 0} 
. 1 
Oxygen Needed _+5,2935 — etous/mol spd | 
~ " Qaygen Balance —suis22 git 0/100 gm cpa 
o.69h2 CattatleCa ; ae f 
Detonation_0. 3055. 2olslisg > 203259 60° ol + elke at ABA: 
Te 4a SRT ee ta ~ 2212 _____ mols gas/aol. compound E 
: % eee (HZ gas) Obs. Q@ = Kal /mol (20 Lig.) i 
0.9 Qc = é : 
a, - Keal/aol (H20 gus) Calé.Go » —___ Kcal/mol (#20 liq.) | 
Thernodynanic Det. Date References ee ; i 
i 
a 
H | 
i. 
pe2ge i 
: ; p. 
F yw ReteEn © 45967 x 39s eax 1073 | 
| ht79  Keal‘aal { 
os ; ~ 2152 Kral /k ; H 
— Kealykg | 
~ blye5 fe Abe /g (3.087 £4 lbs © 1 cal) / 3 
oe et BS. ) ‘ 
Cale, Fowar—Hu2.5 122 ; ee , ‘ 
fVbev 
Uba, Power BM. e322) THT (Ref. CD 3 
Equiv.Power, Lead Block » oC ) ites i 
i 
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Compound Numper __KeihQ 
Calculation of Heat cf Conbustion 


1.0625 HV 
2.7645 He 


Case No. 507h7 
Arthur D. Little, Inc. Date 2-¢7-32 By PAn 
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UONFIDENTT c CALCULATION OF POWER BY THE nRT METHOD 
SECURITY TNFORMATT ON 
Structural Forim ia Namer2 Torpex: UT 2: koa 2 Se ee 
ROX /THT/AY 
42/40/18 m 
0. 3891/0. 1761/0.6674 Number Molecular Weight 96.8 
Oxygen Needed ___ +3.3092 atoms/rol cr 


ety Oxygen Balance ___=54e67 __ 


+ C3 _—— gm 0. /100 gm cpd 
05 Cok, N39 Zz 
fs + er 4 


Eee aghehee Cue ay Te —_—_—> 1,1 3 + 0.59 08 C + 0.9756 H. + 0.3050 Na 
+ 0. 3232 ad Par 


In» "2.9326 (342558) mols gas/mol compound 
Q, = _ASL.4.._Keal/mol (H20 gas) Gb, Qa /acol (120 2a.) 


: a 
Se eR ee) onlin. on Beal fmol (gO 14.) 
Thermdynamic Data Reference: sis Q © 

No. Pro~ Average Cy Tcal/aol, aK ‘from 298° to Assuma!l Flame Temperature 


Mois | duet | og “Hs00 sno] soy : 


Tnty | 32.36 | 32ah9 6 . 
12296¢ 3 220? | 5326 | 5306 | tubes) | < eo) 
Lhb6 } B = 
P = ReT-Zn - 1,987 x-_"304 —— x_ 2.932 x 1073 

vein 90) 

@ 30292 Keal/mol 
# Numbers in ( ) ~~ (298. 5) 

for Al,0, (g) =~ 312-3 __ Kea ll /Kg 
(921.5) 


~ 935.0 ft lbs/g (3.087 ft lbs = 1 cal) 


(922.5) = aa ccy ae ——_/_.._____} 
&5.7 i3 
vale, Power Sasa Ce e70 EOD, SUD 9 7 nO 


Obs, Power B, il. - 121,135. % ; ee ( Ref. (5) _) 


Eoutv.Power, Lead Flock A GS Se NE eh ee CONFE DENT 
-60Z- : ue 
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Table 19 
average GC. Over dange from 296 °K to T 
—_——{earerica/mrie/) 
7, °% ©, H,0 K & Os c(a) = ac, Ble(y Ba go 
9-40 6088 568054335006 54S OPCS Bon 35> 11.07 
10 Fok} 6.0 Shi 5.33 5 50% = neh 5100 BUSHY LD 
20 9abd 6.9 St S33 5.06 55% 4S $26 3M %.P = 2.12 
30 Yoh? CA ae fs $.% $B 567? = HST 3.% 2%. ds 
ke FehS GoM SoS 5036 S007 567k OP 5? 9 26.00 1 
$0 9.52 60% Seth 5036 S0OPF = S578 5.28 6S. =O 
a Sk 60% = S5hk5 5037 SCP ee el IB OSU OHO OL 
is 309 Cow br) 2050 3¢ ae best dolF m2 yb) poy 
Le) $58 T0057 5 Se SM LLY 52S hee 
99 940 To GT = 503F = 5008 S082 uct 5020 5010 27k DU 
1200 IPA 7.93 548 5.40 5.8 5.83 b 5.20 #12 27.07 22.30 
29 ebb 7 ShP Sd 5-09 5.83 bel? 5M M1? 27010 12.)3 
20 Food To 54050 Sek2 SOP Oe ee yy: ee Sy es a) ee 
~ 9 Ab TOT FSO Sch 5010 50H ue SAT Hem «=I = 13.97 
40 9.70 Te 5.52 Seh3 de1d 5.66 bed 5.22 od 27622 
$o 9e72 7.40 552 Sol Sow de 4.3 $023 0.30 Mo dicus 
60 Fete Tell = 552 Sol «= Se2L 5 0BT ath 5029 HR AL eh 
70 7S 5053 Sol SAL 508B eB See HHL Utd 
80 9.78 Tels 5054 Sel SLL 5089 ke CS ° 27.035 12.48 
# 'e Tl 5405S SKF = SoZ BF 28 5S M42 277.038 50 
4200 Peb2 Tout 5.55 SAT vel? $92 4.30 5.86 26.4 27.42 41,53 
10 984 Taye 5. % Fl2 SK eel 50 BAB 27. 11.55 
20 908 TWoP $056 ehD 5 cR2 SFL eZ 502? =H SO LTS 
x% Fa Te22 $257 59 5.13 5.92 4.35 5.27 % 52 27.50 11.59 
40 9.89 Toe 5858 55D OS. S93 ee SE B56 9 27S 2 
50 Yo Vote 559 SSL Sekh 5093 te Set 78S ol 
a) 9-92 Te S40 5.51 5 oH IF 52D HAD 2760 = 12S 
70 90% 728500) 56052 SK 5S U3 5629 26.64 27.62 = 11,68 
& 9% Wet? 5X 5.52 5. S095 43D = 5030 2H? 27-65 13.70 
90 3298 To $53 S515 5.9% Li 5S, 2.70 = 2768 = 4672 
1300s: 10,00 732 5052 SSR 50K HHO 530 Tl 27.70 1.75 
16 10:8 ae ok 55k 5.%6 5.99 rae 531 Tk 27.73 1.77 
2% 10.02 Te 3 5055 S16 5.99 Se32 MHeT? ee 2.79 
3 = 10.04 70% 5A SAB 6.00 bel = 503208027277) BL 
40. 10,06 738 5065 5056 SALT 6200 5033 %.82 9-27.82 1.83 
5 Oe (>) Mey Se Py A Yo Ys Se °. 2%. 27.0h4 
6O 10,09 Tel = 5K 5 EB GZ behD = See = HBT 27086 12.87 
7 810.1 Teh2 5660 § 5.18 6.02 b50 5 90 27687 LBD 
6 = 6.12 Tek3 = 5067) 5059 = S5IB 6.03 50% 2 27. 02=-—1L 
9o = 10614 TolS = 55068 5S 603 bo52 52% BH 27-% = 11.93 
U00 =: 1015 TlH = S$ KB SHO 5019 00359 50K HIF 27H LS 
10 10.17 TASB 5469 5.4% SoBe 4.54 5637 7 27.98 U.9T 
20 215.28 TeoAF 5.70 5 61 5.20 OH iss 5.37 27,02 26.00 32.0 
30 = 10.20 Te 5-70 542 5-200 6.5 056 5.38 27205 22.02 12,02 
po) - PY 73 7.52 5M 562 52 6.0% 4058 Se 27.07 8.0 12.04 
50 = 10.23 TSS S072 5053 SM G59 = 54F 27009) 2805 —s«i1:2,08 
60 =: 10.2% 705s $5.72 65 SoM 600T kD Tell 2.06 12,08 
wD 10.% 7059 SoT7Z SK Se8e 5 OF 460 5.027513 28210 1,10 
G0 10.28 7658 5473 5655422 6008 el SMA 27-25 2822212012 
wR iSecs SF 5073 eS SFudZ ee Feu 18 Welk  Lesty 
1500 10,30 THO ST SE 5579 640F 3 Sehh2 AND BYS-— 12.18 
10 10.32 7-62 e 546 S.%9 6.9 bt, Seh3 W722 26.18 12.18 
Oo 8 10.33 70635075 57 Sth bel 5 3 27 22h 2.2 12,20 
3x 10.5% 965 5.8 Sach 6.10 L.66 S oth 27.26 26.22 12,% 
40 10.35 Th S676 SHB Seth GST SKS 27.2 28, 24 12.2% 
50 = 10.37 766 5S.Th S49 5.55 61 he Sel THD 280K 126K 
Go 30,%8 TAP = 5078S 0H — 62 UI Su TI BAT 12.28 
70 lia 7270 Pri] 5.70 5025 6,12 4.70 Selb Me 2.29 
bos] 757? 5.70 5.72 50% be 70) Soh? a7. 28,30 22,32 
H 10,42 T6735 ° Se2T boi beTL 5248 27038 26.320 12.dy 
1600 19.Ub LB 5.60 $.72 $2? = 6 Ls ae? 5.k8 elk 26.3, 12.36 
10 13.15 7076 5.8 5.72 5.28 6.15 4.73 5 eu? 27.2 26.6% 22.38 
20 (10.béd 7.77 5.81 $619 S265 eS LD Tels 26.37 22.40 
3x0 10.46 7.79 5. Lp 5.73 5,28 6.26 4B « 27616 26.39 17.42 
LO = 10.9 To8O 5082 50M 5629 61K HOS 5D 2Th8 26.40 22.bk 
52 10,50 TB? 5.862 SeTh  Se2F ET eH SASL 2750 LUZ 
60 (10,82 7B eB ePID HIT eT? 27.82 Ah} 1228 
7 8 =—610.53 7-84 5.83 5.7S 5030 6.38 14.78 552 275k 5b 12.50 
6 10,.5h 7085S ebk 56750906418 785653 22ST ake? 12452 
9 10.55 7687 5.6h 50% £233 6.19 &.T9 5.53 27.57 28.47 12.5) 
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Table 1: . (continued) 
Average C, Over Range fron 276 °X ta T 
Sesh (calaries/neie/ i} 


SS ng Lee! EO eS tO on OOO oc cc 
1700 10.56 7.88 5.85 5077 5.33 0.17 480 545k 27258 26.49 42,55 
10 .O.S¢ 7.09 date 5077 Se3Z 0 be2O LBL Sook 7760 =O 1257 
7o AOS 7.4 £. 5.78 Se32 60700 BZ 58S 27 62 26.52 17.59 
19 10.66 92 5.87 5.78 = § 22 6.84 4.82 $255 27.64 28.53 11,62 
Lo 10,01 TAK 587 5.79 Sed0 6.71 aun . 27.65 28.54 12.63 
so. Crate TS Ss. 5.79 42300 (G82 bth § 256 2767 B56 32.65 
Pee) 30,4) 7m Cae: 5.an 6%. 4.72 LAL §.S7 27.69 26.57 42.67 
Te 10.05 7.98 5,89 5.60 5.5 6.23 4.85 $57 27.70 26.55 12.67 
80 10.64 WI 589 5.& S35 6023 4.8 5.58 27672 BAQ 32.) 
99 16.67 c.25 45.90 5.6 5.35 60h u.8? = 55.58 27673 BeLZ 12.73 
2800 Led 3.a) 5.90 §.82 5.6% 6.2L bebS 559 27.75 26.63 12,75 
10) 10.69 8,07 5.70 5,82 5.6 6.2L L.88 §.59 Tem 26 64: 12.77 
22 «10,.79 8.0 5k 5083 50ST SF SHOOTS 28S 1278 
x 17 865% Se 5.63 §537 ba E he 5.60 27.60 46 12,90 
Lo 19.72 6,07 592 5.83 5.38 6.2 4.90 § 62 77,9 26,66 12,62 
59 10.73 8.6 5.92 oR 5.38 66% LAN 5.61 27.82 2B6F 12.64 
60 10.74 Oauy 5.93 $.6u 5.38 6.27 L971 S.02 22.83 28.70 12,86 
70 10,76 8.16 5.93 5.05 5.39 6.27 Le 5062 27.84 28.71 17.88 
60 10.77 Aly? § 9, 5.% s,4 $.28 4.93 §.423 27,8 28,72 12.99 
9) 10.76 6.33 5 .9t 5.8% 5.0 6.28 4,93 S64 27.98 28.7b 12.92 
1yoo 19.45 Odd 5 ehh 5 hb 51d 6.29 LM 5.64 27.89 26.75 12.9% 
10) 80 6.16 5% 585 = SebLd PCS AS 27:90 «8 12.96 
a 19.81 8.27 5.95 5.67 Sold 6.30 LS 5.65 27.91 2.77 = 12.0% 
Bs) Lo,e2 8.20 5.9% 5.88 Seh2 6.30 Lit $34 2769 28.78 «13.00 
1 LC AR 6.20 365. 5.88 Sekt 86.30 eH 5G 270% 26.79 WR 
50 10.8% 6.71 5.97 = § 088 St3 E31 &.97T ©6567 27.8 28.69 13.04 
£4 0,86 8.22) 5.91 5,89 Soh} 6.n 4 S67 76. 28 83 13.06 
70 = 10, 86 8.23 5098 5289 Shh 6.32 75 5.68 Zee we OE 4306 
6o =—._:10..87 6.24 5.8 $.90 5 Lb 6032 eX SR 72. 2883 13.16 
~ =30.88 8.2 $298 $.90 SS 6.32 eS 28.01 e 13.22 
2000 10.89 56% S97 SW SohtD 6033 5400 570 26.02 28.85 M23 
pty) 35.50 5 5079 Soh ca 6.22 5.2 $270 2.03 22. S B35 
20 (19.91 80279 60D 5 HL Sk 6.34 5 Gi STi 260% 26.87 = =13.37 
5) 10,92 8.30 «66,00 «5492 Sok? 6.3u 5-0 5.7 28.06 26,88 13,28 
40 = 10.93 6.n 6.00 5052S eh7 be 5 5.1 28.07 28.09 = 13.20 
5c 10,% 8.32 be 5.9 SLA $.% 5.03 572 25.8 M90 13.22 
60 =: 10.9% 6.33 6.01 5.93 $5.46 6 50k 5.72 28.09 26.90 = 13.28 
70 = 10.95 6.3 6,02 5493 Soh9 6.5% De Seize 26.10 2.91 13.%6 
sO =: 10.95 8.35 6, 5M SehbF 6.36 5665 547? 28.12 26.92 = 13-28 
a?) 10.97 8. 662 £.9h 5.56 6.4 5e 5.73 28.13 28.93 12-2F 
moo 8—s «10,8 Po 603 $6% S$ed0 4.37 5.05 5.73 28.14 26.9% U.N 
2 (it. aor $02 €.95 6.80 46,37 $.06 5.7% 29.15 = 28.94 1333 
20 = 42.00 70 6.08 5.95 5652 638 $07 5.7% 26.16 2.9 WM 
x b Bere | A,li 660% 5.2% 5.92 6.38 5.8 ote 20,27 28.96 13.36 
0  =12,.02 6.u2, 660, 6S S58S2 68 SBC. 28.18 2.96 13.38 
$90 11.@ 4.3 6.5 52% $.52 6.39 5.09 5.75 18.20 28.97 13 0hcD 
66 11.03 8.uL 6.05 3297 5.52 6.39 5.09 55% 28.2 26.98 13,42 
70 rome 5 Boks 6.08 5.97 5.53 6440 5.10 S.76 28,22 26.99 13.42 
fr 1K RuaeA 6,06 97 053 LO L1G 26.23 27200 = Li ehh 
9) 13,06 8,47 6.06 5.% 525k 6.40 re > 3 S.77 28.24 29.00 13.46 
2200 11.0 bb9 6.07 5.98 5054 6.41 $12 5.97 26.35 aa WF 
10 1,07 8.88 $7 5.99 5.5L 6-h2 Sel2 Set 20.2% 29,02 WL 
2 11.0 6.51 6,07 5.99 5.55 642 Sole 3675 PoPres Fee 33.50 
» 11. 8.52 6008 86.00 5455 $h2 5413 5.78 2.28 29.03 13.52 
io 10 &.53 6.08 6.0 5.36 veh? $22 5.78 28.29 29.04 138k 
50 =—-:12.210 3.54 6.06 6.00 = 556 43 Sek 5219 26.30 29.04 13.56 
60 bw 8.55 0.07 00% 5256 6.03 5.14 5.79 26.32 BB 13.57 
70 12 R56 6.09 6.0 5.57 boty $245 5.60 2.32 29.00 15.58 
xo Le 8657 8608S 5057 Eo’ 5.35 Se 28.33 29.2% +&) 
5] Bee 5. 6.10 6,0 5-58 bohk 5.16 5.60 26.3b 29.07 13252 
2300-1. 8.55 4410 = & Ge 5.58 6.L5 5.306 5.61 26.35 29.08 13.63 
i6 11,16 8.00 6,30 «6.035658 Bb olk5 S437 5.81 23.30 29.08 13.65 
20 11,26 6,02 6.31 60) 5.59 bole 5.18 5.82 28.37 27.09 3.6 
5.) 17 #,63 6.11 6. 5.59 bole 5.15 5.82 26.38 29.20 «13 
4,0 11.16 Be 6.12 6K 5.60 6eb6 S19 $82 28.35 29.10 13.70 
50 19 8.4 bz 6, S60 6,14 5.20 5.83 28 .u0) 23.33 13.72 
60 11.20 batons! Gea 65 5.30 eu? 5220 5653 Rud Fels LBeTd 
70 061320 5.67 661) 6,08 $04 8.47 5.2 5.83 2b.n2 29.12 1.75 
80 13.21 6.68 6.33 6.6 5.5) 6,468 Sart 5 bk 26.4) 29-23 1.7% 
xO 11,22 B49 $413 6.8% 5.62 $648 5.4 § bu 264k ra Pea 23.78 
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Table 112 (continesd) 
| : avorege &) Over mange from 298 °K io T 


—____{eaderioe/notaf*S) 

7, ‘x SS Hed @ a, A o, Hs) #O Als0, Bs Cn ) 

xO ns Fede $.32 b.% 5.83 6078 Soh 6.10 2.95 Bio 14.63 
16S e330 0326S BH S472 5050 SD BH 2747 Uebk 
r 34] h.& 9e3k 6032 bezh 5,8 6.75 §.50 $8.11 P.-eal ro Pus 44.84 
30 12.67 23k 6.32 6.2 5 a0? 6.73 5.50 622 28.9% 29 48 14.87 
s0 11.62 9.35 6.32 a 5.0 6.73 5.51 6.12 2.98 29,48 e 
a 1.8 9M = 532 eS SHOT 5 SL 6012 PKG LP 
ca 69 YoST 6.33 6.25 5.90 6.74 $.52 6.12 29.00 als 9 
7 69 52% 6.33 6.2% 5 Fs 6.7% $6.52 6.13 43.00 Oke We 
oc 86.70 FeSO eS Oe eka Fee ede = reus lesen 
* 11.70 9.39 «= 63562 eM TS 5.52 Selb 3G 29.50 93 

3700 1.71 9et0 6.34 6.6% 5.92 6.75 5.53 6.14 2.52 23,50 UL.9% 
10) =—.72 Foul 6.3, 662% 569% 6675 5:53 6.14 29.092 Be 
20, 72 Gell bo 5.0 £.92 4:7 5.54 $15 BM 27.55 We 
x 1.72 Gal?  beNs 577503 TG 55S 29.03 29.51 
ire) u.73 Fob2 6,34 6.27 5093 4,76 5s 6.16 290k 29.621 ihe SB 
59 4.7) Gob3 6.3 6.27 ° & % ot) 23.0% 29.52 99 
60 «13.74 Get 09S 2B SH Se 5855 4K ALS 29.52 15,39 
70 (1374 Gi, 035 2B UK ET 56S $.3 29005 9-29-52 352 
& 1.5 9 odd . 6.2% 5.4% 6.77 5655 6.27 27.06 53 15.08 
53 96 6.5 6.28 5.95 . $56 $17 29.0 29.53 15.03 

3000s. 76 Gk? 69% 28 5S 7B fH ESB 29.97 29.83 15.08 
190 («LS yee 6.45 6.99 5.555 $78 ao 6278 23.07 15.0 
200=—COo I? 9eh3 632 5H TH GSE 6B, 23.54 15.00 
30 u.77 Pei? 6.26 629 5% 6.7 $57 6.19 29.08 ere Pr 
hO «13.678 GAS be 64.29 . 6079 «= 5057 = 4298 09 29S 
SO «14.74 9:50 4.36 4.29 $.97 680 §.57 $625 SSF U6 LAG 
wo Uy 9051 6.37 62:30 5.97 5.80 5.58 620 29,30 2,55 15,19 
70 ut 9.52 6.37 6.30 5.4 6,89 5.58 4: 20,28 2.55 deta 
& 1.% 2252 6637) os 5H KO 5SG ML LL 29. 3512 
* 1.” 253 6037) 60D 5078 BL SE GT 2.12 89 29,.56 35-13 

pio-7 pewerrs Ferd Vert 6.50 sed eau 5057 Oeke Le rs Be -) 1S -lh 


8 ita 3653 5039) 6032 BOR 6083 S662 BLISS 4S, 2? 
bx ae? OL) 9.59 6.%9 §&.32 6.02 6.88 5.62 6.3 29.16 B.59 15.23 
3500125 9,50 6.39 6.32 6.02 6.84 5.62 6.3 9.16 = 29.5% = 1S AH 
10) oS 9.60 6.97 6.33 GM 6.64 5.62 62 29.16 2.59 L8.35 
a 12.86 9.61 &.40 6.33 ov . 6.6 5.63 6.2% 29.17 $9.60 15.2% 
3011.86 G62 6.40 3.33 6 F605 5.65 0.00 “9.i7 29.65 15.27 
LO )8=—- 12.87 9.62 6.40 6.239 6.9 6.85 5.63 6.27 29.19 29.60 15.28 
50067 9.63 6.i0 6.36 4.03 6.05 5.64 6.27 29.18 2.60 15.3 
66 3.650 7.6u BRA 628 OP OOS. 
% 11.84 9 Gus $.k0 2.3h 6.8 5.05 5.68 6.8 25.19 29.66 15.30 
Le) 12.68 965 6.41 6. 6.08 Lic) $A: £.28 29,3 2 a 25.38 
x 11.89 9 £4 6.4% 6.M 6.0 6.% RT) 6.29 29.20 29.61 eH 
3400 u.# IAS bea Sede 6.6 6.87 5.65 6.29 29,20 29,63, 15.33 
ne 1.9 9.67 64a 6.35 6.6 ¢.87 5.65 6.N 29.21 29.62 15. 
20 11.96 9.65 6042 6.35 “06 6.87 5.6 6.30 3.a 29.62 15.35 
nO uf 9.68 beh2 6.5 $.06 6.85 5S 6% EF 08 62 15. 
bo) =o. 9.69 6h2 6.56 6.06 6.38 oo = 6. 29.22 29.62 15.3% 
SOLS. 9.70 62 G3 6.06 6:86 5.66 6.5 29.22 2963 15.37 
£0 L196 9.79 6.42 6.3% 6.07 4.88 5.57 6. 29.23 29.42 15.38 
7O 89=:11.92 9-TL 6eh2 8.35 6.07 6.89 547 6.32 .23 2.6) 5239 
to 92 9ai2 $42 6.3% 6.07 6.89 5.67 6.32 Betis 29.63 35-40 
WwW 11.93 9,72 6.42 6.3% 6.08 6.89 5.68 6.33 29 2h ZS ds euh 
3TH u.¥3 9.73 6.43 6.37 6,06 6.89 5.68 6.33 29.2% 29 64 15.42 
10 WL. 9h 9.72 Oor3 6.37 6.08 6.70 5.63 &u3, rs re) 2Y 0 Ou 1d ed 
%  12,% wf) (60h900 OG.7 6H 6905 BS . 29.7% OL 15,43 
5 ees. 9.Te ed 6 03T Oy) 69D 567 6H 2968S US a 
Lo 11% 9.15 rab 60397 OF BID SOF SNES SOLS 
SG 11S 3.7 BA A LID Bee SLT OSS tt 
to 11. 9.76 bees 6.58 6.10 3.91 SS. 6.356 29.277) 29.66 45.45 
re phere Fell eh 8H HI 57 4.3% W270 RYH UT 
sw 12.97 9.77 Ges LI DD ELK 2.28 29-6618 
9) 1.97 9.78 buh 33 6.u5 ake velh 6.% 4.2 29.56 U5 0ky 
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SECUALS PXRMATION 
Sable i'- feastiseed) 
average CG) Over Binge ixvem 375 KK Wi 
_-_-__{calorion fools, ence 

T,°% Dy HO ies) By Ne Oo, ¢(s) HCl Al gs By hgQ 
L500 12.22 10.17 0254 6.50 6.30 7.10 5.92 6263 Bb? 29.80 15.9% 
10. 12.72 «10,27 65h 6506307205092 beh 298S2 HHO 15097 
20 «1222210418 65K S50 6 7810 5093 FL SH COMO I 
3012-23 «1G2B 65K 6650607010 S693 eh 2053 = HBL = 150 
0-22.23. 10018 65K 6D DOO S593 565 29.53 2M 15.9% 
SO 12.23 «10.19 6655 650) 63D Ue 8S Be 29.62 15.9 
GS 102310020) 655) 65R GSR TeTk 50H eS CHGL SOV 
7 ldeth 10.20 6:55 5.52 6032 Toll 52% 6666 2.54 2.82 16.00 
& 12.24 10,20 6.55 6,.$1 6.31 712 5% 6666 2B 2982 200 
oo = «12.28 LO.d2 $.55 $52 S232 7.32 868.95 6.57 29655 2.08 4.02 
LE 12.2% CS 6.516032 Tel 5S Se? 29255 = - 282 1H 
YO 12.25 30022 6655 6.52 6.32 12 5.9 6.68 29.55 29.82 16,02 
OO 12.5 OeZ2 «05052 = eZ TedZ 5H HB HSS = BZ UH OZ 
30 12,2 10,23 be 6.52 6.33 7-12 5.96 6.68 29.56 2982 46.9 
LO 12.28 «102d 6555240537013 50M LB 295K 29082 1K 

53 Po 1ds2h 6.56 6:52 6.33 713 5.9% 5.69 29656 2962 o 
60 «12.67 10.2 806.56 E52 033 Tol2 50ST «= oD = HSH HZ 1H 
70.12.2710, 05H SSR IL Tele SFT 6070 SH PRI 
Re) 12.27 10.3 6.56 6.52 6.3L TU £97) 66.79 29.57 27.83 9-16.08 
90 12.27 10.26 6.58 6052 6.34 Tolh S97 6.70 29557 23.83 16.06 
wie 8) 12.28 10.2% 6.55 6.52 6.34 Telk 5.98 6.Th 29057 29.83 16-6 
20 12,278 10.% 6.56 6.53 6.54 72 5.98 8 86.n 29.58 2983 W.% 
YO 12628 10etT SH 853 GS tou: = 5098572 SB ER G87 
3012.28) O47) 65T 6653 607655099) GTZ 96SB HK 607 
LO 12.29 10023) e570 6053 6 125 5099 TZ HSE ela 1K 
590 12.29 10.28 6.57 §.53 6K Fea 7 6.72 29.593 290k 15.06 
6G 32.29 2.29 6.57 6.53 6.3% 7.25 5.99 6.73 2.59 29.84 16.09 
7 42. 30.27 6.57 6.53 6.3% 76 6.00 8.74 29.59 29.84 16.99 
60 2.30 1H 6.557 &. 6.3% 7.16 6.00 607k 29.59 29 %.16 
42.30 1K 6057) Sh HTD 600 TK 29.60 2D. 16.30 
L800 12.32 100316057) 05 431K 00D 475 29260 2K 1010 
10 12.322 2h. 3% 4.87 $.Sh fa? 3¥6 sm 4,7E 20:65 29, a; 168 
2002.37 10.32 6.58 6.55 6.37 7.37 6.0 6.7 23.60 2.8b i611 
30014032) 0.32658 665k 6.37 7.17 60 6.4% 2600 2.6 12 
UG 28.32.0052 SSA BSL LT OTT 62K OL DH KL 
SG 12.32 10.92 6.58 6.556437) 7017) 4002 6H OLAS 
j 60 9-12.32 10.93 65855633 TAT 00 TT OLB 6.3 
: 70 12.32.00 10-34 658 4.558 7-1B 60036477) 29062 2985 KL 
8 «2.330 10.35 0658) 655 8387216603 678 29,62 29.8 %.1b 
W 12.33 1030 6.58 6.55 638 7.28 6.08 6.78 29.62 22%. 16.24 
Lyd 12.53 10.35 6.58 6.55 6.38 7.18 6.0u 6.76 29.62 2.85 25.15 
1912634 «1003504058 6.556038 71B 6 STF OZ TBD HWS 
20.20% 108 GASF 865539 T1P GL GLTI 505 6.16 
Fak 10,96 9 6A 69919 60h 6B 2.05 29. 14,16 
40 «RIK 1009) G59 56097-70490 8029.63 29H KG 
so 3 0237 £52 6.55 5.37 7.47 3D 6.00 ZF Fil 2.8 bl? 
fae) 212.35 10,57 6.53 $.5 6.39 7.20 6.6 6.8 CF a 29.85 16.17 
7°) 12,30 10,38 6.59 5.56 6.40 7.20 6.6 6.81 29 Ol, 29.86 16.418 
8 «12.3% 10.34 5S 65 6KO 7220 60H 8829278 
9 «2.3H—i0038) G59) S685 672200 6.05 B29 297-8H 16.18 
5000 12.% 10,59 6.59 6.56 o.L0 7,20 6.8 6.82 29 6k 29.86 4%. 
101268 ALD 5.5K SLC TM 6076 B3 8G FE 1D 
rs) 47.37 40.0 96,00 6.56 6.41 7.4 6.07 6.83 29.64 29.56 6.19 
3012.37 10.L0 660) 6657) kk 7422608 6A 29,65 29.86 14.20 
LO 3012038 «Ge 260) 057) BLL 7022608 6S 27H HO 
SO. igs3S| 1D DST ce 6008 Ne OS 
fore) 12.38 10.42 &.60 6.97 bud 7.22 6.07 6.6 29.60 29.85 22 
"70 12.38 19.42 6.68 6.57 6.12 7.22 6.09 6.35 29.66 79.87 6.2 
8 12.39 10,k2 0.60 6.57 6.42 7.22 8.09 6.86 29.66 29.287 16.22 
WD 14.3% ale Mt 45D Gole2 7022 FSG HBT 1B 2? 
100 12.39) 1D OE? ie 7.22 621060856 HBT 
JO UZ ehG eae GL Gah LZ T2210 68729667 29.87 KD 
20 12.40 Manns 6.44 6.58 0.43 7.23 £.29 §.87 27067 29.87 6.0 
390 bo OS EAL 6.55 60K9 7.236.200 6087 49.67 29.87 1%. 
bon kG )|(OG.LS 6) 658 7 6 BB AT 298B 16 th 
Oo «ole kL «100606062858 8S 7 L688 29.68 BB 2h 
iw“ tla 10.14 6.61 6.59 GLb 7.% 6-42 6.08 29.68 29.38 14.23 
? hl |W BL OSB OGTR G12 6892.68 29.88 KS 
#0 S308 Loch? 62% 6.38 6.u4 y.t 6.38 6.89 29.68 29,88 4.28 
ne 12.42 wae 5.62 2.59 64h 7.24 3.12 5.90 29 48 29.68 14.03 
COME LDNT TAL 
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Average C Over mance = 2o8 rent 


___,_(oalorie. /male/*K) 

T,‘K te) oO Ny Hy ey Cla) E fea Al,g0, By» Agc 
5200, -212.L2 10.48 5.62 6.59 bles 1.8 6.13 6.90 24.68 29.38 = 16. 
10 12.42 10.48 6.62 6.5F 6.05 70c 6.13 6.9 29.68 29,88 .*.27 
rae] 22.L3 10.49 6.62 &.59 6.45 1.3 6.13 6.9 29.69 29.68 4.27 
i ~ 22.43 10.9 6.62 8.59 615 WO 6.144 6.0 29.69 29,68 146.4 
| 4o 12.24 10.49 6.62 6.59 6.45 7.2% 6.14 6.92 29.69 29.88 16.28 
i 50 12.uh 20.50 6.62 6.59 $.15 7.26 6.14 .92 29.69 29.88 14.26 
60 12.4: 10.56 $.62 6.59 6.45 76% 6.4 6.92 oF 29.88 26.28 
re 12h «10.52 6.62659 bl 708 S893 DD cD DP 
acu 10052 G62 60807 2S = 6.93 29070 29.8H 629 
| Ww heed Lu.de 0.05 ce 0. ict ood O.%G 29.70 27.88 EX 
5300 12.45 10.52 563 6.8 $6 7.2? 6.16 6.94 2.70 29.88 4.0 
19 12.16 10.53 6.43 6.60 6.16 7.27 6.16 6.9% 29.70 29.09 %.}0 
ZO 0-12.15 =620.53 666360606047 708B IKK 29-71 29.09 = 1632 
390 12,16 10,54 6.63 6.60 6.47 7.20 6.16 6.9% 29.1 29.89 won 
(a) 12.16 10.54 6.63 $6.0 6.47 7,28 $.36 6.95 29.72 29.89 16.32 
so 12.47 10.54 6.63 6.60 6.47 7 8 6.17 6.9% 29.71 29.89 16.32 
6) 12.47 10.55 663 6,62 6.47 7-28 6.27 6.% 27.71 S89 32 
70 0 12.U7 10085 663 6616 UB CO7W28 6018 69S 722989 «1633 
6 32-48 10.55 $.65 45.42 6.48 7.29 6.18 6.97 29-72 «29,89 = 16.33 
KB 12.48 10.56 6.6h 6.61 6.48 1.29 6.19 697 29.72 29.90 %.33 
5L00 12.82 10.56 6.64 6.61 6.43 1029 6.49 6.97 29272 29.90 %.3a 
10 =: 12.48 10.57 6.64 5.02 6.4 7429 =6.19 = 6.98 29.72 2.90 86.9: 
wm 12.49 30.57 6.64 6.61 6.45 7.29 6.2 6.589 2.72 2.9 W.3b 
Ww L2.h9 10.58 4.64 6.62 6.49 7629 6.20 6.98 2.13 29.90 16.9% 
uo 12.49 10.58 644 §.62 6.19 7.39 6.20 6.99 2.73 29.90 16.35 
50 4012.50 10.5% 664 $62 6. 7.30 6.2 6.99 Wed 29.91 16.356 
& Anse 10.57 6.66 6.62 6.59 7.39 6.2 7,00 7% 29 15.36 
TO 8612.50 10.59 6.6h 6.62 6.50 7.20 6.22 7.00 2.7h 2.90 16.3% 
x 24.50 10.30 $.6% §.62 6.50 7.30 6.4 7.0 29.74 29.9 %.37 
GS) 12.51 10.60 6.65 6.62 4.50 7.31 6.22 FO 29.7L = 29.99 1637 

§500 13.93 30.41 6.65 6.452 $.50 7e32 6.22 7.02 29..7h 29.90 1. 
as deere pesprcai 6.605 OE 3.50 Tesh é.32 FSS Py Pay (4 2753 16.28 

20 «(32.52 10.62 ‘%.65 $63 651 TM 6623 7.02 2.7% 29,91 . 
12.52 10.62 6.65 6.63 653 7.32 6.2 7.02 2.75 7 1638 
Kc 32,82 39.62 3 6.63 6.52 7.32 6.23 7.03 29.75 oN 16.39 
50 12.52 10.63 6.65 663 6.51 7.32 62 7.03 2.7 2.91 16.39 
60 12.53 1063 6.65 6.63 6. 7.32 6.2% 7 29.75 29.91 WhO 
; 7O 12.53 10.65 6.65 663 6.52 7.32 6.2% 40h 3B. 29.91 1.40 
6 «12453 10.64 6656063 E652 7833 a LOK 876 B92 1.10 
oO 77.5h 10.65 6.66 6.63 6.52 7.33 6.8 7M, eeete EP Fk 16 .b1 
56 12.54 20,65 646 4.63 6.52 7.33 6.5 7.8 29.76 29.92 in 
10 012.54 20.66 = 6.66 606366537093 62S 29.7% 2.92 16,k2 
20 12.54 10.66 6.66 6.64 6.53 7.33 6.8 7.06 29.76 29.92 6.42 
312.55 10.66 6.66 4, 6.53 734 66% 7.06 29.76 29.92 Web? 
40 12.55 19.67 6.66 6.64 6.53 Te3u 6.% 7.06 29.77 29.92 16.h2 
50 12.55 10.67 6.66 6.64 6.53 7.38 6.77 7.07 29.477 2.92 1643 

60 12.54 10.68 6.66 6.04 6.54 Todk 6.¢7 7.07 £9-TT «92 . 
70 12.56 10.68 6.64 6.64 €.54 Te3s 6.27 7.06 29.77 29.92 16.uL 
aD ot. 10.69 6.97 9 eu—“‘(t SK IH 2B 08TH F2 GULL 
oO 12.58 8910.69 6.87 SS 5K TASS RS 7608878 2H92 Ly 
G78 12.57 219.69 6.47 6.65 35k 7.35 6.28 7.09 29.78 29.92 W416 
10 32.57 1¢ 70 6.47 6.65 6.55 ree) 6.28 71.09 29.78 2992 WS 
20 12.57 20.7 6.67 $.65 6.55 7235 6.29 7.10 29.78 29.92 16.46 
30 12.58 DOT 6.67 6.65 6.55 Toh 6.29 7210 “9-78 29.95 15,146 
1,9 12.58 10.72 6.67 6.6 6.55 7.36 6.4 7.10 29.78 29.93 16.14 
50 12.56 avere 6.67 6.65 4.55 7236 6.30 71d 29.79 29.693 16.46 
60 12.59 10.72 5.467 6.65 . 7.6% 6.1 7.2 29:79 = 29.93 16.47 
7G 32.59 10.72 8 OB GLE 6555 7036 690012 TF 290d 16.,U7 
6 12,59 = 10.73 600 GSH 7TH ek 7022908 tas = 1H LB 
~ 12.40 10.73 6.68 6 66 6436 Td 6.31 Fol2 27.80 29.93 16.48 
5800 12,0 10.7% 6.68 8.4 6.56 737 6.31 Tedd 2 .0U 29.93 16.18 
is 12,46 12.75 4.686 4.66 §.57 7.37 6.49) 7.43 29,86 29.93 1G LB 
12,40 0.78 6.68 &.& oo 737 8966327619 29,80 28 16.47 
w 12,61 18.75 6.68 6.66 6.57 7.38 6.32 Tob 29.80 29.93 16.u9 
LO 12.62 10.76 6.68 = 6676657) 7038 SETA 2B 49093 16.80 
50 246% 13.78 £.69 6.47 6.57 7.38 6.33 7elh 29.81 BF oth 1A.60 
eG) HERO. . OGRE. Ee 6.67 €.58 296 6.323 7.15 29 AY 29.% 26.59 
” 70 12.62 10.77 6.69 4.61 ce 7.38 6.33 7.15 29,82 299k 1.51 
| 0 12.62 10077 59) TOUS 7033 6.3L 716982 5G 18S. 
‘ A 12.62 25,78 2.69 6.67 6.58 T.3F 505k 7.16 29 82 29.94 1.53 


COMPIOWHTIAL 
WAGE Arthur D. itetia, Ine, 


Ce ae 


bees 8 eee oe ae ee 


maple 119 (ovitisued) 


Aversse C Over imoge sro “yO “KR WoT 


chord: 

7,*t Oy Hl) a My Ke Op C(s} uch Rigo 

50) 12.63 10.'/8 6.59 6467 6.5? 1.39 cece Td 2962 23-9 16.52 
> ¥e] 32.43 p Ee Pa ts $.6F & 7 S099 737 6.34 Tol? 29.62 > Pe 16.56 
2 8612. 10.59 6.696067 60597039 eH 77) HBR HLF = LZ 
yO 12064 «10078 669 667 659 7 6.5 7 22.82 9-29. 16.53 
LO 012.64 10.50 6.69 6.67 6.59 7.0 6. 716 29.83 79.9% 15.53 
50 12.44 1c.60 4.70 6.68 6.89 710 ore wtf 20,23 os erm 35.53 
So 12.65 1O.EL 66 bB 66D THM 64H THF 290 BI 292% . 
70-1265 10,82 670 G85 60TH 60TH 29083 29.9% 16.5k 
Ao 19. AE Et 4S SS Tee Oe f¥ Be 275% V.5b 
90 12.66 10.82 6.70 6.68 660 Tohl 6.37 7:20 2 Se 16.55 

6000 12.65 10,826.70 eB 660 Told 8097 7020 2-H 29.95 = 16655 
IC aed «10.82 DSB HLTH 632 7820 29.8 29.95 16.55 
20 12.67 10,83 6.70 6.68 6.62 Web2 6.38 Tea 29.84 ro Ps s7o 
» 12.67 10, A, 6.70 6.89 6.61 7b2 6.38 rvs 29.84 0.9 4.56 
LO 12667 :10,8h 6.7L 089 «= Gnh2 HZ GBF 7022 Bre Bs 3.9% 6.8 
SO 12,68 10.65 E92 6669 be6L Pob2 4:39 T2220 29.95 57 
30.12.68 10,05 TL 6669 6062 THh2 639 tek? FBP KG? 
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